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The  Society  of  Arts,  established  in  conformity  with  the.  plan 
of  the  Massachusetts  Institute  of  Technology  as  set  forth  in  the 
act  of  incorporation,  held  its  first  meeting  on  April  8,   1862. 

The  objects  of  the  Society  are  to  awaken  and  maintain  an 
active  interest  in  the  sciences  and  their  practical  applications, 
and  to  aid  generally  in  their  advancement  in  connection  with 
arts,  agriculture,  manufactures,  and  commerce.  Regular  meet- 
ings  are   held   semi-monthly   from    October   to    May. 

The  Society  discontinued  the  publication  of  the  Abstracts  of 
Proceedings  in  1891,  and  since  then  has  published  its  proceedings 
and  the  principal  papers  read  at  its  meetings  in  the  Technology 
Quarterly.  The  present  volume  contains  the  proceedings  from 
January  to  December,   1895,  inclusive. 

The  Quarterly  contains,  also,  the  results  of  scientific  investi- 
gations carried  on  at  the  Institute,  and  other  papers  of  interest  to 
its  graduates  and  friends. 

Neither  the  Massachusetts  Institute  of  Technology  nor  the 
Society  of  Arts  assumes  any  responsibility  for  the  opinions  or 
statements  in  the  papers. 
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BY-LAWS. 


Objects  of  the  Society. 

The  objects  of  the  Society  are  to  awaken  and  maintain  an  active 
interest  in  the  practical  sciences,  and  to  aid  generally  in  their  advance- 
ment and  development  in  connection  with  arts,  agriculture,  manufac- 
tures, and  commerce. 

The  Society  invites  all  who  have  any  valuable  knowledge  of  this 
kind  which  they  are  willing  to  contribute  to  attend  its  meetings  and 
become  members.  Persons  having  valuable  inventions  or  discoveries 
which  they  wish  to  explain  will  find  a  suitable  occasion  in  the  Society 
meetings,  subject  to  regulations  hereafter  provided  ;  and  while  the 
Society  will  never  indorse,  by  vote  or  diploma  or  other  official  recog- 
nition, any  invention,  discovery,  theory,  or  machine,  it  will  give  every 
facility  to  those  who  wish  to  discuss  the  principles  and  intentions  of 
their  own  machines  or  inventions,  and  will  endeavor  at  its  meetings, 
or  through  properly  constituted  committees,  to  show  how  far  any 
communications  made  to  it  are  likely  to  prove  of  real  service  to  the 
community. 

Section  I.  —  Administration. 

The  immediate  management  and  control  of  the  affairs  of  the 
Society  of  Arts  shall  be  exercised  by  an  Executive  Committee,  con- 

iig  of  the  President  of  the  Institute  and  the  Secretary  of  the 
Society  (who  shall  be  members  ex  officiis),  and  five  other  members, 
who  shall  be  elected  by  the  Society  of  Arts  at  each  annual  meeting, 
to  continue  in  office  until  other  persons  have  been  chosen  in  their 
place. 

Sect.  II.  —  Duties  of  the  Executive  Committee. 

The  Executive  Committee  shall  elect  its  chairman,  prescribe  his 
duties,  and,  with  the  concurrence  of  the  Treasurer  of  the  Institute, 
fix  his  compensation  when  the  interests  of  the  Society  require  that 
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he  should  be  paid  for  his  services  ;  they  may  invite  any  person  to 
preside  at  any  ordinary  meeting  who  is  well  versed  in  the  subjects 
to  be  discussed;  they  shall  appoint  the  days  and  times  of  meeting, 
when  not  fixed  by  the  Society,  and  determine  the  subjects  to  be  con- 
sidered at  the  meetings  and  the  mode  of  conducting  the  discussions ; 
they  may,  with  the  concurrence  of  the  President  of  the  Institute, 
make  such  arrangements  for  reporting  and  publishing  the  proceedings 
of  the  Society  as  they  may  deem  best  suited  to  advance  its  interests ; 
they  may  receive  moneys  in  behalf  of  the  Society  in  aid  of  its  objects, 
by  subscription,  donation,  or  bequest;  they  shall  make  a  report  of 
their  doings  to  the  Society  at  its  annual  meeting  and  at  such  other 
times  as  a  report  may  be  called  for  by  a  majority  of  the  members  pres- 
ent at  any  meeting ;  they  shall  also  make  a  report  of  their  doings  to 
the  President  of  the  Institute  prior  to  the  annual  meeting,  and  at  such 
other  times  as  the  Corporation  may  require  it.  Four  members  shall 
constitute  a  quorum  for  the  transaction  of  business. 


Sect.  III.  —  Duties  of  the  President  and  Secretary. 

i.  It  shall  be  the  duty  of  the  President  of  the  Institute  to  preside 
at  the  annual  and  the  special  meetings  of  the  Society,  and  also  at  its 
ordinary  meetings  when  the  Executive  Committee  does  not  invite  a 
special  chairman  to  preside. 

2.  It  shall  be  the  duty  of  the  Secretary  of  the  Society  to  give 
notice  of  and  attend  all  meetings  of  the  Society  and  of  the  Executive 
Committee ;  to  keep  a  record  of  the  business  and  orders  of  each  meet- 
ing, and  read  the  same  at  the  next  meeting ;  to  keep  a  list  of  the  mem- 
bers of  the  Society,  and  notify  them  of  their  election  and  of  their 
appointment  on  committees ;  and  generally  to  devote  his  best  efforts, 
under  the  direction  of  the  Executive  Committee,  to  forwarding  the 
business  and  advancing  the  interests  of  the  Society.  He  shall  also 
record  the  names  of  the  Executive  Committee  attending  each  meeting. 

Sect.  IV.  —  Funds  of  the  Society. 

All  the  fees  and  assessments  of  members,  and  all  moneys  received 
by  subscription,  donation,  or  otherwise,  in  aid  of  the  Society,  shall  be 
paid  into  the  treasury  of  the  Corporation,  to  be  held  and  used  for  the 
objects  of  the  Society  under  the  direction  of  the  Executive  Commit- 
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tee,  and  shall  be  subject  to  the  order  of  its  Chairman,  countersigned 
by  the  President  of  the  Corporation. 

Sect.  V.  —  Meetings  of  the  Society. 

i.  The  annual  meeting  of  the  Society  shall  be  held  at  the  Insti- 
tute on  the  second  Thursday  in  May.  The  ordinary  meetings  shall  be 
held  semi-monthly,  or  whenever  deemed  expedient  by  the  Society  or 
by  the  Executive  Committee,  excepting  in  the  months  of  June,  July, 
August,  and  September. 

2.  If  from  any  cause  the  annual  meeting  shall  not  have  been 
duly  notified  or  held  as  above  required,  the  same  shall  be  notified  and 
held  at  such  time  as  the  Executive  Committee  may  direct. 

3.  A  special  meeting  of  the  Society  may  at  any  time  be  called  by 
the  Secretary  on  a  written  request  of  ten  members.  Twelve  members 
of  the  Society  shall  constitute  a  quorum  for  the  transaction  of  business. 

Sect.  VI. — Members  and  Their  Election. 

1.  Members  of  the  Society  of  Arts  shall  be  of  three  kinds  — 
Associate,  Corresponding,  and  Honorary  Members. 

2.  Candidates  for  Associate  Membership  shall  be  recommended  by 
not  less  than  two  members,  whose  signatures  shall  be  affixed  to  a  writ- 
ten or  printed  form  to  that  effect.  Each  nomination  shall  be  referred 
to  the  Executive  Committee,  and  when  reported  favorably  upon  by 
them,  and  read  by  the  Secretary,  may  be  acted  upon  at  the  same 
meeting ;  the  election  shall  be  conducted  by  ballot,  and  affirmative 
votes  to  the  number  of  three  fourths  of  the  votes  cast  shall  be  neces- 
sary for  an  election. 

3.  Corresponding  and  Honorary  Members  may  be  elected  in  the 
same  way,  on  nomination  by  the  Executive  Committee. 

4.  Associate  Members  shall  pay  an  admission  fee  of  three  dollars 
before  being  entitled  to  the  privileges  of  membership,  and  an  annual 
assessment  of  three  dollars  on  the  first  of  October  of  each  year,  this 
sum  to  include  subscription  to  the  Technology  Quarterly  and  Proceed- 
ings of  the  Society  of  Arts. 

An  Associate  Member  who  shall  have  paid  at  any  one  time  the 
sum  of  fifty  dollars,  or  annual  assessments  for  twenty  years,  shall 
become  a  member  for  life,  and  be  thereafter  exempted  from  annual 
assessments. 
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A  member  neglecting  to  pay  his  annual  assessment  for  six  months, 
after  being  notified  that  the  same  is  due  shall  be  regarded  as  having 
withdrawn  his  membership,  unless  otherwise  decided  by  the  Execu- 
tive Committee,  which  shall  be  authorized,  for  cause  shown,  to  remit 
the  assessments  for  any  one  year;  and  which  shall  moreover  be  em- 
powered to  exempt  particular  members  from  assessments  whenever 
their  claims  and  the  interests  of  the  Society  make  it  proper  to  do  so. 

Sect.  VII.  —  Election  of  the  Executive  Committee  and  of 

the  Secretary. 

i.  At  an  ordinary  meeting  of  the  Society,  preceding  the  annual 
meeting,  a  nominating  committee  of  five  shall  be  chosen,  whose  duty 
it  shall  be  to  nominate  candidates  for  the  Executive  Committee,  to  post 
a  list  of  the  names  selected  in  the  office  of  the  Secretary,  and  to  fur- 
nish printed  copies  thereof  to  the  members  at  or  before  the  time  of 
election. 

2.  At  a  meeting  at  which  an  election  is  to  take  place  the  presiding 
officer  shall  appoint  a  committee  to  collect  and  count  the  votes  and 
report  the  names  and  the  number  of  votes  for  each  candidate,  where- 
upon he  shall  announce  the  same  to  the  meeting. 

3.  A  majority  of  the  votes  cast  shall  be  necessary  to  an  election. 

4.  In  the  first  organization  under  these  By-Laws,  the  Executive 
Committee  may  be  elected  at  an  ordinary  or  special  meeting. 

5.  Vacancies  in  the  committee  occurring  during  the  year  may  be 
filled  by  the  Society  at  an  ordinary  meeting. 

6.  The  Secretary  shall  be  elected  by  the  Society,  on  nomination 
by  the  Executive  Committee,  at  each  annual  meeting  of  the  Society, 
or,  in  case  of  a  vacancy  during  the  session,  at  such  other  time  as  the 
Executive  Committee  may  appoint ;  and  he  shall  be  reeligible  in  the 
same  way  at  the  pleasure  of  the  Society. 

7.  The  compensation  of  the  Secretary  shall  be  fixed  from  year  to- 
year  by  the  Executive  Committee  with  the  concurrence  of  the  Treas- 
urer of  the  Institute. 

Sect.  VIII.  —  Committees  of  Arts. 

1.  The  Members  of  the  Society  of  Arts  may  be  enrolled  in  divi- 
sions, under  the  following  heads,  according  to  the  taste  or  preference  of 
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the  individual ;  each  division  to  constitute  a  committee  upon  the  sub- 
jects to  which  it  appertains  : 

(i)  On  Mineral  Materials,  Mining,  and  the  Manufacture  of  Iron, 
Copper,  and  other  Metals. 

I    On  Organic  Materials  —  their  culture  and  preparation. 

(3)  On  Tools  and  Implements. 

(4)  On  Machinery  and  Motive  Powers. 

(5)  On  Textile  Manufactures. 

(6)  On  Manufactures  of  Wood,  Leather,  Paper,  India  Rubber,  and 
Gutta  Percha. 

(7)  On  Pottery,  Glass,  Jewelry,  and  works  in  the  Precious  Metals. 

(8)  On  Chemical  Products  and  Processes. 

(9)  On  Household  Economy ;  including  Warming,  Illumination, 
Water-Supply,  Drainage,  Ventilation,  and  the  Preparation  and  Preser- 
%-ation  of  Food 

(10)  On  Engineering,  Architecture,  and  Ship-building. 

(11)  On  Commerce,  Marine  Navigation,  and  Inland  Transporta- 
tion. 

(12)  On  Agriculture  and  Rural  Affairs. 

(13)  On  the  Graphic  and  Fine  Arts. 

(14)  On  Ordnance,  Firearms,  and  Military  Equipments. 

(15)  On  Physical  Apparatus. 

2.  Any  member  may  belong  to  more  than  one  of  the  above-named 
Committees  of  Arts,  but  shall  not  at  the  same  time  be  eligible  as  chair- 
man in  more  than  one. 

3.  It  shall  be  competent  for  each  Committee  of  Arts,  of  ten  or 
more  members  entitled  to  vote,  to  organize ;  to  elect  annually  in  Octo- 
ber, or  whenever  a  vacancy  shall  occur,  a  chairman ;  to  appoint  its  own 
meetings  ;  and  to  frame  its  own  By-Laws,  provided  the  same  do  not 
conflict  with  the  regulations  of  the  Society  of  Arts. 

Sect.  IX.  —  Amendment  and  Repeal. 

1.  These  By-Laws  may  be  amended  or  repealed,  or  other  pro- 
visions added,  by  a  vote  of  three  fourths  of  the  members  present  at 
any  regular  meeting  of  the  Society  ;  provided  that  such  changes  shall 
have  been  recommended  and  approved  in  accordance  with  the  By-Laws 
of   the    Corporation    (see    extract    from    By-Laws    of    Corporation    as 
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printed  below)  and   presented  in  writing  at  a  preceding  meeting  of 
the  Society. 

2.  These  By-Laws  shall  take  effect  immediately  after  their  ap- 
proval by  the  Corporation  and  adoption  by  the  Society,  and  all  previous 
By-Laws  are  hereby  repealed. 

Extract  from  the  By-Laws  of  the  Corporation. 

The  Committee  on  the  Society  of  Arts  shall  consist  of  ten  mem- 
bers, who  shall  have  the  general  charge  and  supervision  of  the  organ- 
ization and  proceedings  of  the  Society,  subject  to  the  approval  of  the 
Corporation.  It  shall  be  their  duty,  in  connection  with  a  duly  chosen 
committee  of  the  same  number  of  members  of  the  Society,  to  form 
from  time  to  time  By-Laws  for  the  government  of  the  Society,  which 
shall  take  effect  when  approved  by  the  Corporation  and  adopted  by 
the  Society. 

October,  i8gj. 
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THIRTY-THIRD    YEAR,  iSqws- 


Thursday,  January  io,  1895. 

The  466th  meeting  of  the  Society  of  Arts  was  held  at  the 
Institute,  in  the  Walker  Building,  this  day  at  8  p.m.,  Mr.  George  W. 
Blodgett  in  the  chair. 

The  records  of  the  previous  meeting  were  read  and  approved. 
Messrs.  William  Brophy,  of  Boston,  and  Warren  A.  Rodman,  of 
Wellesley  Hills,  were  duly  elected  Associate  Members  of  the  Society. 

The  following  paper  was  read  by  title : 

"The  American  College  as  a  Moral  Force,"  by  William  T.  Sedg- 
wick, Ph.D. 

Mr.  W.  S.  Hadaway,  Jr.,  of  Boston,  read  a  paper  on  "Electric 
Heating."  Many  new  forms  of  apparatus  were  shown  and  described. 
The  meeting  then  adjourned. 
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Thursday,  February  14,  1895. 

The  467th  meeting  of  the  Society  of  Arts  was  held  at  the 
Institute  this  day  at  8  p.m.,  President  Walker  in  the  chair. 

The  records  of  the  previous  meeting  were  read  and  approved.  Mr. 
Charles  T.  Main,  of  Boston,  was  duly  elected  an  Associate  Member 
of  the  Society. 

The  President  then  introduced  Mr.  Arthur  A.  Fuller,  M.E.,  of 
the  Builders'  Iron  Foundry,  Providence,  who  gave  an  address  on 
"  Construction  and  Operation  of  Seacoast  Defense  Mortars  and  Car- 
riages," fully  illustrated  with  the  lantern.  At  its  close  the  President 
introduced  Lieutenant-Colonel  S.  M.  Mansfield,  U.  S.  A.,  who  read  a 
paper  on  the  "Defense  of  Boston  Harbor."  A  general  discussion 
followed  the  papers. 

The  thanks  of  the  Society  were  voted  to  the  speakers  for  their 
interesting  and  instructive  papers,  and  the  meeting  adjourned. 


Thursday,  February  28,  1895. 

The  468th  meeting  of  the  Society  of  Arts  was  held  at  the 
Institute,  in  the  Walker  Building,  this  day  at  8  p.m.,  Professor  C.  R. 
Cross  in  the  chair. 

The  records  of  the  previous  meeting  were  read  and  approved.  Mr. 
Robert  Batcheller,  of  Boston,  was  duly  elected  an  Associate  Member 
of  the  Society. 

The  following  paper  was  read  by  title  : 

"An  Investigation  of  the  Principles  of  Solubility  Effect,  and  a 
Comparison  of  the  Values  of  Dissociation  Calculated  from  them  and 
from  the  Electrical  Conductivity,"  by  Arthur  A.  Noyes  and  Charles  G. 
Abbot. 

The  Chairman  then  introduced  Mr.  Frederick  E.  Ives,  of  Phila- 
delphia, who  read  a  paper  on  the  "  Reproduction  of  Natural  Colors  by 
Photography,"  in  which  he  gave  the  details  of  his  photochromoscope 
system.  The  paper  was  fully  illustrated  with  the  lantern,  and  was 
followed  by  a  general  discussion. 

The  thanks  of  the  Society  were  voted  to  Mr.  Ives  for  his  very 
interesting  paper.  The  President  then  declared  the  meeting  ad- 
journed. After  adjournment  the  members  and  their  guests  inspected 
and  tried  the  improved  stereoscopic  form  of  the  photochromoscope. 


Proceedings  of  the  Society  of  Arts.  3 

Thursday,  March  14,  1895. 

The  469th  meeting  of  the  Society  of  Arts  was  held  at  the 
Institute  this  day  at  8  p.m.,  President  Walker  in  the  chair. 

The  records  of  the  previous  meeting  were  read  and  approved. 

The  following  paper  was  read  by  title  : 

"  Further  Experiments  for  Determining  the  Fusibility  of  Fire- 
Clays,"  by  H.  O.  H  of  man. 

Professor  C.  Frank  Allen,  of  the  Institute,  read  a  paper  on  "High- 
ways," which  was  very  fully  illustrated  with  the  lantern.  At  its  close 
the  President  declared  the  meeting  adjourned. 


Thursday,  March  21,  1895. 

The  470th  meeting  of  the  Society  of  Arts  was  held  at  the 
Institute  this  day  at  8  p.m.,  Mr.  Henry  M.  Howe  in  the  chair. 

The  meeting  being  a  special  one,  no  business  was  transacted,  and 
the  Chairman  at  once  introduced  Professor  C.  F.  Mabery,  of  Cleve- 
land, who  read  a  paper  on  the  "Occurrence  and  Composition  of  the 
Ohio  and  Canadian  Sulphur  Petroleums."  The  paper  was  very  fully 
illustrated  with  the  lantern,  and  is  published  in  the  present  number 
of  the  Quarterly.  The  Chairman  extended  the  thanks  of  the  Society 
to  Professor  Mabery,  and  declared  the  meeting  adjourned. 


Thursday,  March  28,  1895. 

The  471st  meeting  of  the  Society  of  Arts  was  held  at  the 
Institute  this  day  at  8  p.m.,  Mr.  George  W.  Blodgett  in  the  chair. 

The  records  of  the  469th  meeting  were  read  and  approved.  No 
other  business  coming  before  the  Society,  the  Chairman  introduced 
Professor  William  H.  Pickering,  of  Cambridge,  who  read  a  paper  on 
"Astronomical  Investigations  at  Mountain  Observatories."  The  paper 
was  illustrated  with  the  lantern. 

The  thanks  of  the  Society  were  extended  to  Professor  Pickering, 
and  the  meeting  adjourned. 

Clement  W.  Andrews,  Secretary. 


Charles  F.  Madefy. 


COMPOSITION    OF    THE     SULPHUR     PETROLEUMS     OF 
OHIO    AND    CANADA. 

By  CHARLES  F.  MABERY,  Professor  of  Chemistry,  Case  School  of  Applied 

Science. 

Read  March  21,  1895. 

Although  the  United  States  is  in  the  front  rank  in  the  petroleum 
producing  countries  of  the  world,  less  is  actually  known  concerning 
the  composition  of  American  petroleums  than  of  the  products  of.  other 
fields  of  far  less  importance.  This  fact  has  especial  significance  since 
the  pioneer  efforts  in  reaching  oil  deposits,  in  which  great  inventive 
skill  and  adaptation  of  methods  were  early  displayed,  as  well  as  the 
application  on  a  large  scale  of  methods  of  fractional  distillation,  for 
the  separation  of  commercial  products,  were  here  put  forth.  In  the 
sudden  discovery  in  1884  of  immense  deposits  of  oil  in  the  Trenton 
limestone  the  proficiency  in  methods  of  drilling  and  manipulating  oil 
and  in  the  preparation  of  industrial  products  acquired  in  Pennsylvania 
was  of  great  service  in  the  new  fields. 

To  both  geologists  and  oil  men  the  discovery  of  great  quantities 
of  oil  in  the  Trenton  limestone  constituted  an  important  epoch  even 
in  the  midst  of  wonderful  growth  of  the  petroleum  industry  in  other 
fields.  Fortunately,  through  the  intelligent  efforts  and  extensive 
labors  of  Professor  Edward  Orton,  State  Geologist  of  Ohio,  the 
Geological  Survey  has  acquired  very  complete  accounts  of  the  geolog- 
ical formations  and  of  the  occurrence  of  petroleum  in  this  territory. 
With  the  aid  of  persons  controlling  these  oil  fields  Orton  was  able 
to  demonstrate  the  geological  formations  associated  with  the  oil-bear- 
ing limestone,  the  essential  features  of  the  anticlinal  structure,  the 
relations  of  source,  reservoir,  and  cover  in  the  oil  deposits,  and  the 
dolomitic  character  of  the  limestone,  to  which  is  due  its  porosity. 
The  existence  of  a  definite  limit  to  the  deposits  of  oil  and  gas  was 
early  recognized  and  its  dependence  upon  the  salt  water  level,  which  is 
the  cause  of  the  high  pressure  to  which  the  gas  and  oil  are  subjected. 

The  qualities  of  Ohio  petroleum  are  as  peculiar  as  the  mode  of  its 


Composition  of  the  Sulphur  Petroleums  of  Ohio  and  Canada.      5 

occurrence.  Unlike  most  petroleums  from  other  fields,  it  contains 
a  considerable  percentage  of  sulphur,  and  in  other  respects  it  differs 
essentially  from  oils  obtained  from  the  Pennsylvania  territory. 

The  geological  features  of  the  occurrence  of  petroleum  in  Canada 
have  not  been  so  thoroughly  investigated  as  those  of  Ohio  petroleum. 
The  late  Dr.  T.  Sterry  Hunt  was  the  first  to  call  attention  to  the 
deposits  of  oil  in  the  limestones,  and  the  modes  of  its  formation  and 
storage  in  the  Trenton  and  other  limestones  which  he  early  main- 
tained have  since  been  verified  by  more  extended  investigation  in  the 
Ohio  and  Canadian  fields.  Outside  of  the  Canadian  geological  reports 
various  accounts  have  been  published  on  the  geology  and  technology 
of  the  Canadian  oil  deposits  in  the  Township  of  Enniskillen,  but  much 
information  has  been  acquired  by  oil  men  of  long  experience  in  those 
fields  which  has  not  been  accumulated  in  printed  reports. 

Hunt  early  recognized  the  anticlinal  formation  in  Western  Ontario 
and  its  association  with  salt  water  under  hydrostatic  pressure  in  the 
limestone  as  essential  features  for  the  production  of  a  large  supply 
of  oil.  The  opportunities  for  observation  in  1863,  when  Hunt's  con- 
clusions were  first  published,  were  limited  chiefly  to  the  outcropping 
limestone  formations  at  Manitoulin  Island  and  the  few  wells  that  had 
been  drilled  in  the  productive  fields  in  Lambton  County. 

Unlike  the  oil-bearing  limestone  in  Ohio,  the  deposits  at  Petrolia 
and  Oil  Springs  in  Canada  occupy,  at  comparatively  shallow  depths, 
the  corniferous  limestone  far  above  the  Trenton  formation,  which  lies 
at  depths  of  more  than  2,000  feet.  As  in  Ohio,  no  outcropping  oil 
rock  appears  in  the  immediate  vicinity  of  the  oil  fields,  but  both 
formations  are  visible  at  the  surface  in  a  southeasterly  direction  from 
Georgian  Bay.  The  two  oil  fields  in  Canada  are  contained  in  parallel 
anticlinals  approximately  ten  miles  apart,  and  extending  in  a  direction 
at  right  angles  to  a  northeasterly  direction  from  the  oil  fields  in  Ohio. 
The  oil  territory  at  Petrolia  is  about  five  miles  in  its  greatest  length 
and  somewhat  less  than  two  miles  in  its  average  width,  with  an  area 
of  eight  square  miles.  The  area  of  productive  territory  at  Oil  Springs 
is  two  square  miles.  In  the  early  days  some  of  the  Canadian  wells 
yielded  an  enormous  flow  of  oil,  but  at  present  the  pressure  is  slight 
and  no  oil  is  to  be  obtained  without  pumping.  At  present  the  total 
number  of  wells  is  8,ooo,  of  which  6,000  are  in  operation  at  Petrolia. 
The  annual  production  is  800,000  barrels,  including  a  monthly  pro- 
duction at  Oil  Springs  of    17,000  barrels.       At  Petrolia  the  average 
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depth  of  the  wells  is  465  feet,  and  at  Oil  Springs  380  feet.  The 
small  yield  from  individual  wells  is  offset  by  their  long  life.  Some 
wells  now  in  operation  have  flowed  steadily  during  thirty  years. 

Crude  oil  is  here  stored  in  tanks  excavated  to  a  depth  of  50  or  60 
feet  in  the  Erie  clay,  with  a  diameter  of  30  feet,  and  lined  with  planks 
to  a  depth  of  30  feet.  Each  tank  has  a  capacity  of  5,000  to  10,000 
barrels,  and  the  total  tankage  capacity  in  both  fields  is  1,000,000  bar- 
rels. Oil  is  collected  from  the  wells  in  wagon  tanks  and  brought 
to  receiving  tanks,  from  which  it  is  pumped  to  the  central  stations 
near  the  refineries. 

Canadian  oil  is  refined  in  the  usual  manner.  Much  gas  is  evolved, 
which  is  serviceable  in  heating  the  retorts.  In  the  crude  stills  gas- 
oline and  burning  oil  are  run  off  to  370  Baume\  and  the  residue  is 
then  transferred  to  the  tar  still,  from  which  heavy  oils  are  run  off  to 
30. 50  B.  and  the  residue  coked.  The  last  distillate  is  again  distilled 
and  the  residue  coked  as  before.  In  refining  much  depends  upon  the 
skill  of  the  operator.  With  careful  treatment  and  use  of  an  alkaline 
solution  of  plumbic  oxide  a  burning  oil  of  excellent  quality  is  prepared. 
From  Petrolia  crude  2  per  cent,  of  naphtha  is  obtained,  and  from  Oil 
Springs  crude,  7  per  cent.  The  yield  of  burning  oil  from  either  source 
is  43  per  cent.  The  quantity  of  tar  is  30  per  cent,  of  the  crude  oil, 
from  which  the  yield  of  heavy  oil  is  20  per  cent.,  with  a  residue  of 
coke  equivalent  to   10  per  cent. 

The  anticlinal  system  is  well  marked  in  the  Canadian  fields,  the 
anticlinals  forming  low  terraces  in  which  the  oil  collects  on  the  slopes 
near  the  summit,  where  it  is  held  under  pressure  by  the  salt  water. 
The  variations  in  the  oil-bearing  strata  have  been  carefully  studied 
by  Messrs.  M.  G.  Woodward  and  F.  J.  Carman,  from  whom  I  obtained 
valuable  information  concerning  this  and  other  features  of  oil  produc- 
tion in  this  territory.  In  prospecting  for  oil  outside  of  the  producing 
fields  it  has  been  shown  that  corniferous  limestone  is  reached  at  335 
feet  at  Petrolia ;  at  Sarnia,  sixteen  miles  distant  in  a  west-north- 
westerly direction,  at  503  feet.  East  of  Petrolia  the  strata  again  dip 
to  390  feet,  and  again  rise  where  many  attempts  —  some  partially 
successful  —  have  been  made  to  discover  another  deposit  similar  to 
that  at  Petrolia. 

The  oil  territory  at  Oil  Springs  is  situated  on  an  anticlinal  parallel 
to  that  which  supplies  oil  at  Petrolia,  and  it  has  been  thought  very 
probable  that  this  anticlinal  incloses  other  deposits.     This  belief  has 
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led  to  much  prospecting  along  the  direction  of  this  anticlinal,  espe- 
cially in  the  township  of  Euphemia,  where  oil  in  limited  quantities  has 
been  found  at  a  distance  of  twenty  miles  from  Oil  Springs.  Much  oil 
has  been  taken  from  deposits  in  both  fields,  which  seem  to  be  inde- 
pendent of  the  main  producing  fields.  These  "  pockets  "  are  usually 
found  at  a  less  depth,  and  from  them  the  great  producing  wells  of  the 
past  have  undoubtedly  been  obtained. 

The  geological  formations  in  which  sulphur  petroleums  are  found 
in  other  regions  are  essentially  different  from  those  observed  in  Ohio 
and  Canada.  In  the  report  for  1891  of  the  Geological  Survey  of 
Kentucky,  Orton  has  shown  that  the  oil  deposits  of  that  field  present 
the  same  features  of  source,  reservoir,  and  cover,  with  an  anticlinal 
structure  distinctly  outlined.  But  the  reservoir  is  here  a  black  shale 
of  the  Devonian  period,  instead  of  the  lower  Silurian  limestone,  as 
in  Ohio.  The  high  sulphur  oil  in  California  is  also  found  in  a  peculiar 
formation ;  it  consists  of  a  bluish  slate  or  shale,  more  or  less  compact 
with  a  variable  mixture  of  fine  quartz  sand,  and  the  conditions  of 
reservoir  and  cover  which  have  been  found  essential  in  deposits  where 
oil  is  stored  under  pressure  seem  to  be  wanting.  The  dependence 
of  storage  pressure  upon  the  especial  features  of  a  porous  reservoir 
and  an  impenetrable  cover  is  clearly  shown  in  Ohio,  where  there  is 
scarcely  a  geological  formation  that  does  not  contain  oil.  But  the 
enormous  quantities  of  oil  contained  in  the  shales  and  limestones  is 
entirely  without  value  since  it  cannot  be  economically  collected. 

The  formation  of  petroleum  has  received  much  attention  both  from 
a  chemical  and  a  geological  point  of  view,  and  the  prevailing  theories 
have  been  ably  presented  and  discussed  by  Orton,  who  has  presented 
the  following  summary  in  his  report  on  the  occurrence  of  petroleum 
in  Western  Kentucky : 

1.  Petroleum  is  derived  from  organic  matter. 

2.  Petroleum  of  the  Pennsylvania  type  is  derived  from  organic 
matter  of  bituminous  shales,  and  is  probably  of  vegetable  origin. 

3.  Petroleum  of  the  Canada  type  is  derived  from  the  limestones, 
and  is  probably  of  animal  origin. 

4.  Petroleum  has  been  produced  at  normal  rock  temperatures 
(in  American  fields),  and  is  not  a  product  of  destructive  distillation 
of  bituminous  shales. 

5.  The  stock  of  petroleum  in  the  rock  is  already  practically 
complete. 
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Notwithstanding  the  early  suggestions  that  the  formation  of  pe- 
troleum in  the  limestones  be  referred  to  animal  remains,  until  the 
discovery  of  oil  in  the  Trenton  rocks  geologists  attributed  its  forma- 
tion exclusively  to  the  decomposition  of  vegetation.  Abroad  the 
prevailing  belief  seems  to  have  been  that  the  formation  of  all  petro- 
leums should  be  referred  to  the  decomposition  of  animal  remains.  By 
some  writers  credence  is  still  given  to  the  theory  of  Mendelejeff  that 
all  petroleums  have  been  and  are  still  formed  by  the  action  of  water 
on  iron  or  iron  carbides  highly  heated  within  the  earth ;  but  on 
account  of  a  lack  of  proof  and  the  serious  objections  urged  by  geolo- 
gists, based  upon  observed  facts,  this  explanation  is  not  generally 
accepted.  At  present  the  data  collected  seem  to  be  insufficient  to 
establish  any  particular  method  of  formation.  Even  if  the  theory  of 
animal  origin  be  accepted  for  the  limestone  oils  it  cannot  be  asserted 
that  vegetable  remains  may  not  have  been  in  part  instrumental. 

From  a  chemical  point  of  view  some  experimental  evidence  has 
been  brought  to  bear  on  the  solution  of  this  problem.  In  1865 
Warren  and  Storer  subjected  a  lime  soap,  prepared  from  menhaden 
oil,  to  destructive  distillation  with  the  formation  of  a  hydrocarbon 
naphtha,  from  which  they  separated  several  series  of  hydrocarbons 
identical  with  those  which  Warren  had  previously  identified  in  Penn- 
sylvania petroleum.  More  recently  Engler  submitted  menhaden  oil 
to  destructive  distillation  under  high  pressure,  and  in  the  product 
distilled  he  identified  the  constituents  ordinarily  separated  from  natu- 
ral petroleum,  including  naphtha,  the  burning  oil  hydrocarbons,  and 
paraffine.  The  formation  of  such  products,  however,  by  the  distilla- 
tion of  organic  matter  has  long  been  known.  Sixty  years  ago  Reich- 
enbach  separated  paraffine  from  the  products  of  the  distillation  of  both 
vegetable  and  animal  matter.  Nitrogen  compounds  were  early  recog- 
nized in  oils  distilled  from  bones. 

Chemical  Composition  of  Petroleum. 

Although  various  attempts  had  previously  been  made  to  separate 
the  constituents  of  petroleum,  the  first  systematic  examination  was 
undertaken  in  1862  by  Pelouze  and  Cahours,1  who  identified  the 
presence  of  the  series  of  hydrocarbons  CnH2n+2,  beginning  with 
butane,  boiling  at  o°.     From  their  results   Pelouze  and  Cahours  as- 


'  Comptes  rendus,  54,  1241 ;  56,  505;  57,  62. 
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sumed  that  the  heavier  oils  and  paraffine  have  the  same  composition 
as  the  hydrocarbons  of  lower  boiling  points,  and  as  a  generic  term  for 
the  series  Watt  suggested  the  name  paraffine  hydrocarbons,  by  which 
these  constituents  of  petroleum  have  since  been  known  in  chemical 
literature.  Members  of  the  same  series  were  observed  by  Schorlem- 
mer1  in  a  product  distilled  from  cannel  coal,  and  in  a  distillation 
of  American  petroleum  Schorlemmer2  obtained  other  members  of  the 
series  that  had  been  overlooked  by  Pelouze  and  Cahours.  C.  M. 
Warren 3  undertook  a  more  thorough  investigation  of  Pennsylvania 
petroleum,  conducting  the  separations  in  a  fractional  condenser  which 
he  had  devised  especially  for  such  distillations.  In  a  long  course  of 
distillations  Warren  separated  two  series  of  hydrocarbons,  beginning 
with  butane,  with  a  homologous  difference  in  boiling  points  for  CHa 
of  30°,  and  with  a  difference  in  boiling  points  between  the  members 
of  one  series  and  the  isomeric  members  of  the  other  of  a  little  less 
than  8°.  One  of  the  series  CnH2„  +  2  identified  by  Warren  termi- 
nates at  127.80,  the  other  at  150°.  The  fractions  of  higher  boiling 
points  were  found  to  contain  members  of  the  series  C„H2n.  The 
results  of  Warren  indicated,  in  the  distillates  above  1500,  the  absence 
of  members  of  the  series  CnH2„  +  2,  notwithstanding  the  assertions  of 
Pelouze  and  Cahours  that  distillates  from  these  portions  of  petroleum 
have  the  composition  homologous  with  marsh  gas.  In  the  earlier 
examinations  of  American  petroleum  by  Pelouze  and  Cahours  and 
by  Schorlemmer  it  is  somewhat  uncertain  to  what  extent  Pennsyl- 
vania crude  oil  was  employed  and  to  what  extent  Canadian  oil,  since 
in  allusions  to  the  crude  product  American  petroleum  is  mentioned, 
with  occasional  reference  to  Pennsylvania  or  to  Canada  as  the  particu- 
lar source. 

The  presence  of  aromatic  hydrocarbons  in  American  petroleum 
was  first  established  by  Schorlemmer  in  1865,  who  identified  benzol 
and  toluol  in  a  distillate  collected  below  1500  from  Canadian  petro- 
leum by  treating  this  portion  of  the  oil  with  nitric  acid,  reducing  with 
tin  and  hydrochloric  acid  and  distilling  with  sodic  hydrate.  The  oil 
distilled  had  the  odor  of  aniline  and  gave  the  rosaniline  reaction  with 


■Journal  of  the  Chemical  Society,  1862,  419. 

'Chemical  News,  1863,  157. 

J  Memoirs  of  the  American  Academy,   N.  S.,  g,   135;    Proceedings  of  the  American 
Academy,  27,  56. 
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bleaching  powder.  The  distillate  between  1500  and  1700  gave  a 
mixture  of  liquid  and  solid  nitro-products,  and  the  solid  portion  was 
recognized  as  trinitrocumol.  Benzol  and  its  homologues  have  since 
been  found  in  Pennsylvania  petroleum  by  several  chemists.  Petro- 
cene  was  investigated  by  Sadtler.1  From  American  kerosene,  in  a 
portion  distilling  at  I70°-I90°,  Engler2  separated  pseudocumol  and 
mesitylene  by  the  formation  of  nitro  compounds,  and  he  estimated 
that  the  quantity  present  in  crude  Pennsylvania  oil  is  equivalent 
to  0.2  per  cent.  Engler  also  identified  these  hydrocarbons  in  Ger- 
man, Galician,  Italian,  and  Russian  petroleum ;  in  the  latter,  to  the 
extent  of  o.  1  per  cent.  After  ascertaining  in  the  petroleum  of  the 
Central  Caucasus  the  presence  of  hexahydro  derivatives  of  the  aro- 
matic series,  Beilstein  and  Kurbatoff 3  examined  American  ligroin  for 
the  same  hydrocarbons,  but  succeeded  in  identifying  only  hexahydro- 
isoxylol.  No  attempts  were  made  to  ascertain  the  presence  of  the 
higher  homologues. 

Petroleum  from  various  localities  in  the  Caucasus  has  been 
quite  thoroughly  investigated  by  Russian  chemists,  and  it  has  been 
found  to  differ  in  its  composition  very  essentially  from  Pennsylvania 
oil.  It  is  held  by  Mendelejeff,  Engler,  and  others  that  none  of  the 
petroleums,  so  far  as  they  have  been  examined,  differ  essentially  with 
respect  to  their  components,  but  that  the  observed  variation  in  the 
qualities  of  different  oils  depends  rather  upon  a  variation  in  propor- 
tions. This  difference  in  proportions,  however,  is  so  marked  that  in 
certain  oils  some  of  the  constituents  constitute  nearly  the  whole  body 
of  the  oil,  with  others  present  only  in  minute  quantities  in  comparison 
with  other  oils,  in  which  the  former  constituents  are  almost  entirely 
absent,  the  great  body  of  the  oil  consisting  of  substances  nearly 
wanting  in  the  first.  The  thorough  investigations  on  the  composition 
of  the  Caucasus  petroleum  by  Markownikoff  and  Ogloblin  4  proved  the 
presence  in  oil  from  Baku  of  benzol,  toluol,  isoxylol,  pseudocumol, 
mesitylene,  isodurol,  durol,  and  higher  hydrocarbons  with  their  struc- 
ture not  yet  determined,  CnH14,  CnH12,  C12H14,  and  C13H14,  with 
indications  of  the  homologues  of  styrol  and  phenylacetylene.     The 


1  American  Chemical  Journal,  1879,  30. 

2  Berichte  der  deutschen  chemischen  Gesellschaft,  18,  2234. 

3  Berichte  der  deutschen  chemischen  Gesellschaft,  1880,  2028 

4  Annates  de  chimie  et  de  physique  (6),  2,  372. 
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results  of  Beilstein  and  Kurbatoff  indicate  the  presence  in  the  petro- 
leum from  the  Central  Caucasus  of  members  of  the  series  CnH2n  +  2. 
with  benzol  and  toluol,  and  that  the  oil  from  the  coast  of  the  Caspian 
Sea  consists  mainly  of  the  homologues  of  hexahydrobenzol.  In  the  oil 
from  the  Balakhani  plain  on  the  Apscheron  Peninsula  Markownikoff 
and  Ogloblin  found  large  quantities  of  the  aromatic  hydrocarbons  ;  but 
in  oil  from  the  Central  Caucasus  they  found  naphtenes  to  the  extent 
of  80  per  cent,  of  the  crude  oil  and  the  aromatic  hydrocarbons  to  the 
extent  of  10  per  cent.  At  first  Markownikoff  looked  upon  the  naph- 
tenes as  isomeric  with  the  hexahydro  compounds  ;  but  later  Markowni- 
koff and  Spady 1  appeared  to  accept  the  identity  of  octonaphtene  and 
hexahydroisoxylol.  In  the  Berichte  (No.  7)  for  April,  1895,  the 
synthesis  of  1  —  3  —  dimethyl  hexamethylene  C6H10  (CH8)2  is  de- 
scribed by  Zelinsky,  and  it  is  shown  to  be  identical  with  the  octo- 
naphtene of  Markownikoff  or  hexahydroisoxylol.  Markownikoff  and 
Ogloblin  proved  also  the  presence  of  hexahydromesitylene,  besides 
other  oils  with  the  composition  C9H18  and  the  members  intermediate 
to  C16H30. 

Benzol  and  its  homologues  were  identified  in  Hanover  petroleum 
by  Bussenius  and  Einstuck 2  and  by  Ulsmann.8  In  petroleum  from 
Boryslaw  in  Galicia,  Lachowicz4  found  benzol,  toluol,  isoxylol,  and 
mesitylene ;  but  of  the  hexahydro  series,  only  hexahydroisoxylol. 
Pawlewski6  found  in  Galician  petroleum  2  per  cent,  of  aromatic 
hydrocarbons,  chiefly  benzol  and  /-xylol,  the  latter  recognized  for  the 
first  time  in  any  petroleum.  Naphthalene,  anthracene,  their  homo- 
logues, and  other  allied  hydrocarbons  have  been  reported  from  various 
sources. 

Concerning  the  presence  of  unsaturated  hydrocarbons  in  crude 
petroleum  there  seems  to  be  a  wide  difference  of  opinion.  Some 
investigators  have  doubted  the  existence  in  crude  oil  of  these  bodies, 
and  where  they  have  been  found  in  distillates  it  has  been  assumed  that 
they  have  resulted  from  decomposition  by  distillation.  In  the  lower 
fractions  of  Galician  oil  Lachowicz  obtained  no  reaction  with  bromine 


1  Berichte  der  deutschen  chemischen  Gesellschaft,  20,  185a 
"Annalen  der  Chemie  und  I'harmacie,  113,  167. 
'Annalen  der  Chemie  und  I'harmacie,  114,  279. 
4  Anna'en  Her  Chemie  und  Pharmacie,  220,  187. 
•Berichte  der  deutschen  chemischen  Gesellschaft,  18,  1915. 
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even  after  long  standing.  Above  2000  the  presence  of  unsaturated 
hydrocarbons,  indicated  by  the  ready  absorption  of  bromine,  was 
attributed  to  decomposition.  On  the  other  hand,  Engler  states  that 
petroleum  from  Elsass  (Pechelbronn),  Oelheim  (Hanover),  Tegernsee, 
Pennsylvania,  Galicia,  and  Baku  contains  members  of  the  series 
CHgn  .  2  and  the  series  CnH2n,  both  unsaturated  hydrocarbons  and 
naphtenes.  Markownikoff  and  Ogloblin 1  allude  to  the  presence  of 
unsaturated  aromatic  hydrocarbons  in  the  oil  from  Baku. 

Before  the  discovery  by  Wreden  of  the  hexahydro-aromatic  com- 
pounds Warren  separated  from  Pennsylvania  petroleum  a  series  of 
hydrocarbons  CnH2n,  which  were  probably  of  the  same  series.  It  now 
seems  probable  that  the  constituents  of  Pennsylvania  petroleum  above 
1500,  assigned  by  Pelouze  and  Cahours  to  the  series  Cnii2D  +  2,  really 
belong  to  another  series. 

It  has  long  been  known  that  analyses  of  crude  petroleum  have 
shown  less  than  100  per  cent,  of  carbon  and  hydrogen,  and  the 
deficiency  has  been  attributed  to  the  presence  of  oxygen.  The  first 
attempt  to  separate  oxygen  compounds  from  crude  petroleum  was 
made  in  1874  by  Hell  and  Medinger2,  who  agitated  crude  petroleum 
with  a  solution  of  sodic  hydrate  and  then  added  sulphuric  acid  in 
excess  to  the  alkaline  solution.  The  oil  which  separated  was  distilled 
and  converted  into  a  methyl  ether ;  by  saponification  of  this  ether 
an  acid  was  obtained  to  which  was  assigned  the  provisional  formula 
CnH20O2.  Aschan3  obtained  a  mixture  of  acids  by  the  addition  of 
sulphuric  acid  to  the  sodic  hydrate  solution  used  in  the  refining  of 
Baku  oil.  One  acid,  C8H1402,  was  obtained  that  distilled  at  2370- 
239°,  and  another,  C9H1602,  that  distilled  at  25i°-253°.  Aschan 
called  the  first  acid  octonaphtenecarboxylic  acid ;  by  distillation  with 
hydriodic  acid  it  was  converted  into  hexahydroxylol.  By  similar  meth- 
ods Zaloziecki4  separated  oxygen  compounds  from  petroleum,  which 
were  readily  oxidized  to  acids  when  exposed  to  the  air.  For  one 
of  these  bodies,  assuming  it  to  be  a  lacto-alcohol,  Zaloziecki  suggested 
the  formula 

CH2  CHa 

^>CH  —  (CH2)4  —  CH/        ^>CHOH, 
CH3  *    O 


1  Berichte  der  deutschen  cheraischen  Gesellschaft,  1883,  1873. 

2  Berichte  der  deutschen  chemischen  Gesellschaft,  1874,  1216. 

'Berichte  der  deutschen  chemischen  Gesellschaft,  1890,  8867  ;  1891,  1874,  2710;  1892,  3661. 
'Berichte  der  deutschen  chemischen  Gesellschaft,  1891,  1808. 
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and    to    the    hydrocarbon    obtained    by    distillation    he    gave     the 

formula 

CHa  CH 

^:CH  -  (CH,)4  -  CH^I 
CH,  CH 

Engler  asserts  that  the  acids  separated  by  this  method  are  oxida- 
tion products  of  other  constituents  of  the  crude  oil.  Markownikoff 
and  Ogloblin  stated  that  the  distillate  75°-8s°  from  Caucasus  oil 
contained  0.76  per  cent,  of  oxygen  compounds,  and  the  fraction  2200- 
2300,  5.21  per  cent.  The  oxygen  compounds  are  in  part  acid,  in  part 
neutral,  and  in  part  phenol.  The  acids  C10H9COOH  and  CnHnCOOH 
were  obtained  as  colorless  oils.1  Markownikoff  and  Ogloblin  regarded 
these  substances  as  naphtenecarboxylic  acids.  St.  Clair  Deville  2  showed 
that  the  percentage  of  oxygen  in  oils  from  different  localities  varies 
between  2.1  per  cent,  in  the  Canadian  petroleums  and  5.6  per  cent, 
in  the  oil  from  Zante. 

Most  of  the  petroleums  contain  nitrogen,  usually  in  minute  quan- 
tities. Beilby3  found  0.08  per  cent,  of  nitrogen  in  the  residuum  from 
Pennsylvania  oil  and  0.37  per  cent,  in  the  coke,  which  corresponds  to 
0.008  per  cent,  of  the  crude  oil ;  crude  Russian  oil  gave  .05  per  cent, 
of  nitrogen.  In  examining  oils  from  different  localities  for  nitrogen 
Peckham4  found  in  petroleum  from  West  Virginia  0.54  per  cent.  ;  in 
Mecca  oil,  0.23  percent.;  and  in  California  oil,  from  0.56  to  1.1  per 
cent.  In  Egyptian  oil  Kast  and  Kunkler6  found  0.3  per  cent,  of 
nitrogen,  1.2 1  per  cent,  of  sulphur,  and  0.2  per  cent,  of  oxygen. 
Certain  alkaloid  bases  were  detected  in  paraffine  oils  by  Weller,*  and 
Handrowski,"  by  agitating  Galician  oil  during  several  weeks  with  sul- 
phuric acid,  obtained  a  substance  containing  nitrogen.  This  substance 
solidified  at  200,  and  it  formed  a  platinum  salt  containing  19.7  per  cent, 
of  platinum.     Zaloziecki 8  neutralized  a  sulphuric  acid  extract  from  the 


1  Berichte  der  deutschen  chemischen  Gesellschaft,  1883,  1873. 

*  Comptes  rcndus,  66,  442  ;  68,  485. 

'Journal  of  the  Society  of  Chemical  Industry,  1891,  12a 
'Geological  Survey  of  California,  a,  Appendix. 
5  Chemisches  Centralblatt,  1890,  932. 

*  Berichte  der  deutschen  chemischen  Gesellschaft,  1887,  2097. 
7  Monatshefte  fiir  Chemie,  8,  224. 

*  Monatshefte  fiir  Chemie,  13,  498. 
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refining  of  a  petroleum  distillate  with  calcic  hydrate  and  distilled  with 
steam.  The  oily  distillate  contained  nitrogen,  and  it  formed  a  platoso- 
chloride  whose  percentage  composition  corresponded  to  that  of  tetra- 

hydrocorridine 

(Ci0H19NCl)2  PtCI2, 
or  to  the  formula 

(C10H2iNCl)2  PtCl2; 

another  insoluble  platoso  compound  was  obtained  to  which  was  assigned 
either  the  formula 

(C10H16NC1)  PtCl2  or  (CWH17NC1)2  PtCl2. 

Soon  after  the  discovery  of  the  Ohio  sulphur  petroleum,  in  a 
technical  examination  of  crude  oil  which  I  was  called  upon  to  make 
I  observed  that  it  contained  an  unusually  large  amount  of  sulphur. 
An  examination  of  the  crude  oil  was  soon  undertaken  with  particular 
reference  to  the  sulphur  compounds,  and  there  was  finally  separated 
a  homologous  series  of  sulphides  (CnH2n  +  ^S,  including  methyl-, 
ethyl-,  propyl-,  butyl-,  isobutyl-,  pentyl-,  ethylpentyl-,  hexyl-,  with 
higher  distillates  containing  sulphur  compounds  not  yet  identified.1 
Large  quantities  of  distillates  have  been  collected  after  long  distil- 
lation in  vacuo,  which  proved  to  be  mixtures  of  sulphur  compounds, 
unsaturated  hydrocarbons  CnH2n,  and  apparently  saturated  hydrocar- 
bons, either  of  the  series  CnH2„  +  2  or  of  the  series  of  hexahydro- 
aromatic  compounds  CnHg,,. 

The  sulphur  compounds  in  Canadian  oil  have  received  some  atten- 
tion.2 Several  members  of  the  series  (CnH2n  ¥  i)2S  have  been  recog- 
nized since  that  publication  with  evidence  of  sulphides  of  another 
series.  The  separation  of  the  sulphur  compounds  from  the  distillates 
is  extremely  tedious  even  after  a  long-continued  fractional  separation 
of  the  sulphur  oil.  The  sole  method  available,  so  far  as  we  have 
proceeded,  includes  precipitation  with  alcoholic  mercuric  chloride  and 
decomposition  with  hydric  sulphide  in  the  presence  of  alcohol.  The 
product  is  a  mixture,  the  constituents  of  which  must  be  separated 
by  prolonged  fractional  distillation. 

The  peculiar  character  of  the  distillates  was  observed  while  study- 
ing the  sulphur  compounds,  and  as  the  Ohio  petroleum  had  never  been 


1  Mabery  and  Smith,  Proceedings  of  the  American  Academy,  24,  218 ;  American  Chem- 
ical Journal,  16,  83. 

2  Preliminary  Examination,  Mabery,  American  Chemical  Journal,  16,  89. 
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submitted  to  chemical  examination  and  the  Canadian  oil  to  only  partial 
study  both  products  invited  further  attention.  On  account  of  the 
tendency  to  decomposition  manifested  by  other  constituents  of  the 
crude  oils  than  the  sulphur  compounds  it  was  evident  that  these  bodies 
could  not  be  separated  by  the  ordinary  process  of  distillation  without 
such  serious  decomposition  as  to  render  the  results  of  little  value. 
When  distilled  in  contact  with  the  air  all  distillates,  except  the  most 
volatile,  were  highly  colored.  Attempts  were  therefore  made  to 
avoid  decomposition,  so  far  as  possible,  by  the  exclusion  of  air  and 
by  conducting  the  distillations  under  reduced  temperatures.  In  order, 
furthermore,  to  be  sure  that  the  distillates  should  represent  as  nearly 
as  possible  the  original  constituents,  we  started  with  crude  oils  instead 
of  refinery  distillates.  In  certain  portions  of  our  work  connected  with 
the  separation  of  constituents  that  are  present  in  minute  quantities, 
requiring  large  quantities  of  material,  we  have  used  crude  distillates 
as  the  starting  point,  but  these  distillates  were  not  treated  with 
reagents  before  we  received  them. 

The  distillation  of  considerable  quantities  of  crude  oil  in  vacuo 
involved  certain  difficulties  which  we  were  long  in  overcoming.  Me- 
tallic  stills  could  not  be  used,  and  glass  was  unsafe  with  large  quan- 
tities of  oil.  Only  earthenware  and  porcelain  remained,  and  we  have 
found  it  difficult  to  procure  earthenware  that  would  support  a  vacuum. 
Certain  English  and  German  stills  of  limited  capacity  have  been  found 
serviceable,  but  the  stills  which  are  perfectly  satisfactory  for  such 
work  are  those  manufactured  in  the  Royal  Berlin  porcelain  factory. 
One  of  these  stills,  with  a  capacity  of  fifteen  liters,  has  been  in  use 
almost  continuously  during  several  months,  and  it  has  apparently  suf- 
fered no  deterioration. 

In  maintaining  a  vacuum  for  the  continuous  distillation  of  petro- 
leums, especially  those  containing  considerable  quantities  of  sulphur 
compounds,  rubber  corks  cannot  be  used  in  making  connections, 
on  account  of  softening  action  of  the  oil  on  the  rubber.  It  is  nearly 
impossible  to  select  common  corks  sufficiently  free  from  imperfec- 
tions, but  it  was  found  that  corks  could  be  treated  with  a  rubber  lute 
in  such  a  manner  as  to  make  theni  air-tight.  This  lute  is  best  made 
by  dissolving  pure  caoutchouc  in  very  light  gasoline,  which  readily 
evaporates,  leaving  a  thin,  strong  film  of  rubber.  When  such  a  lute 
is  applied  to  joints  of  the  apparatus  during  the  formation  of  a  vacuum 
the  film  of  rubber  is  drawn  into  the  joints  and  pores  of  the  corks,  thus 
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sealing  them  permanently,  and  with  an  occasional  application  of  the 
lute  there  is  no  difficulty  in  maintaining  any  desired  vacuum. 

In  prolonged  distillation  it  is  important  to  regulate  the  tension 
so  that  it  shall  be  constant  during  the  collection  of  all  distillates.  For 
this  purpose  a  special  form  of  regulator  was  devised,  depending  upon 
the  introduction  of  air  away  from  the  still,  through  a  glass  stopcock, 
by  means  of  a  long  lever.  By  this  means  it  has  been  found  possible 
to  control  the  vacuum  at  any  desired  point  with  very  little  attention. 
The  difference  in  boiling  points  in  vacuum  distillation  varies  between 
6o°-6$°  for  the  lower  constituents  and  ioo°-i25°  for  portions  dis- 
tilling at  300°-350°.  Vacuum  distillation  prevents  serious  decompo- 
sition even  of  the  highest  distillates.  We  have  carried  the  tempera- 
ture to  375°,  and  this  is  as  far  as  distillation  is  possible  with  ordinary 
connections.  The  residue  above  this  point  is  a  thick  oil,  apparently 
undecomposed ;  cracking  is  easily  observed,  since  it  immediately  de- 
stroys the  vacuum.  For  further  distillation  of  this  residual  oil  an 
apparatus  must  be  devised  to  avoid  the  use  of  any  connections  other 
than  glass  or  porcelain. 

In  a  general  examination  of  these  petroleums  with  reference  to 
specific  gravity,  bromine  absorption,  proportions  that  distil  at  different 
temperatures,  specific  gravity  of  the  distillates  and  their  bromine 
absorption,  it  is  found  that  the  Ohio  oil  stands  between  the  Penn- 
sylvania and  Caucasus  oils,  and  the  Canada  oil  is  between  the  Ohio 
and  Caucasus.  Below  120°  19.7  per  cent,  of  Pennsylvania  oil  distils, 
0.5  per  cent,  of  Caucasus;  below  110°  9.75  per  cent,  of  Ohio  oil ;  and 
below  1 1 50  2.75  per  cent,  of  Canada  oil.  Above  320°  the  residue 
in  Pennsylvania  oil  is  equivalent  to  35.54  per  cent.  ;  in  Caucasus  oil, 
to  53  per  cent.  ;  in  Ohio  oil  above  3500,  to  43  per  cent.  ;  and  in 
Canadian  oil,  to  70.75  per  cent. 

The  crude  Ohio  and  Canadian  oils  are  so  unstable  that  decom- 
position can  only  be  prevented  by  distillation  in  vacuo,  with  exclusion 
of  air  and»  corresponding  reduction  in  temperature.  After  the  first 
distillations  it  is  possible  to  continue  under  atmosphere  pressure. 
Separation  of  the  constituents  of  such  complex  mixtures  as  petroleum 
by  fractional  distillation  —  the  only  method  possible  —  is  exceedingly 
tedious.  Of  the  various  appliances  that  have  been  proposed  as  an  aid 
in  such  separations,  the  worm  condenser  devised  by  Warren  and  the 
bead  column  by  Hempel  are  probably  the  most  convenient  and  effi- 
cient.    Certainly  no  form  of  apparatus  approaches  the  Warren  con- 
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denser  in  the  rapid  separation  of  the  constituents  of  petroleum  that 
require  freezing  mixtures. 

From  the  most  volatile  refinery  distillate  portions  were  collected, 
after  many  distillations,  that  distilled  constant  at  o°  and  8°-9°.  The 
former  was  undoubtedly  butane,  and  the  latter  distillate  from  both 
Ohio  and  Canada  oil  was  shown  by  vapor  density  determinations 
to  have  the  composition  required  for  butane.  A  study  of  these 
fractions  is  now  in  progress  with  large  quantities  of  the  oils  for  the 
purpose  of  ascertaining  their  identity.  Between  290  and  300  a  dis- 
tillate collected  that  gave  a  value  in  a  determination  of  its  vapor 
density  required  for  isopentane,  and  another  collecting  at  37°-38°  the 
value  required  for  pentane. 

A  product  collected  at  6o°-6i°  that  distilled  tolerably  constant 
within  this  limit,  and  its  vapor  density  corresponded  to  that  required 
for  isohexane.  The  portion  collected  at  6j°-6%°,  the  boiling  point 
of  normal  hexane,  also  gave  as  its  vapor  density  a  value  required  for 
this  hydrocarbon. 

In  identifying  the  higher  homologues  41.5  kilos  of  crude  Findlay 
oil  was  distilled  in  vacuo  under  a  tension  of  50  mm.  and  the  portions 
collected  below  1 500  were  subjected  to  prolonged  fractional  separation, 
with  the  aid  of  Hempel  columns  and  Warren  condensers,  until  the 
fractions  collected,  for  the  most  part,  within  limits  of  one  degree  of 
boiling  point  of  hydrocarbons  that  were  separated  by  Warren  from 
Pennsylvania  petroleum.  Each  fraction  was  carefully  purified  by 
agitation  with  alcoholic  mercuric  chloride,  prolonged  boiling  with  nitric 
and  sulphuric  acids,  and  boiling  over  sodium.  In  this  manner  a  dis- 
tillate was  obtained  at  89°-90°  whose  vapor  density  corresponded 
to  that  of  isoheptane,  and  another  at  96°-97°,  with  a  vapor  density 
that  showed  it  to  be  normal  heptane. 

Other  members  of  the  series  CnH2„  +  2  were  recognized  by  their 
boiling  points  and  vapor  densities;  for  example,  octane  at  ii8°~U9°, 
and  another  octane  at  I27°-I28°,  and  also  a  nonane  at  I50°-I5i°. 

Of  the  aromatic  hydrocarbons,  benzol-,  toluol-,  meta-,  and  para- 
xylols  were  found,  although  in  very  small  proportions.  The  only 
representative  of  the  hexahydro-  or  CnH2„  series  found  was  hexahydro- 
isoxylol,  although  hexahydrobenzol  and  hexahydrotoluol  were  carefully 
looked  for  in  the  portions  where  they  should  appear.  The  presence 
of  higher  members  of  this  series  will  be  determined  later. 

Crude  petroleum  from  Oil   Springs  and  from   Petrolia  in  Canada 
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was  subjected  to  a  similar  examination  as  the  Ohio  oil,  including 
specific  gravity,  bromine  absorption,  percentage  of  sulphur,  and  per- 
centages of  carbon,  hydrogen,  and  nitrogen.  In  respect  to  specific 
gravity,  percentage  of  sulphur,  and  the  proportions  of  distillates  at  the 
same  temperatures  essential  differences  appear  in  petroleum  from  the 
two  Canadian  fields,  and  each  differs  from  oil  collected  in  the  Lima 
or  the  Findlay  field  in  Ohio. 

To  avoid  decomposition  vacuum  distillation  was  applied  to  the 
Canadian  oils,  and  was  found  even  more  necessary  than  with  Ohio  oil. 
The  distillates  were  purified  and  the  same  determinations  made,  with 
similar  results  as  regards  the  individual  constituents  as  has  already 
been  described  in  connection  with  Ohio  products.  The  same  butanes, 
pentanes,  hexanes,  heptanes,  octanes,  and  the  same  nonane  were 
recognized.  The  same  representatives  of  the  aromatic  series,  both 
of  the  series  CnH2n_6  and  of  the  series  CnH2n,  were  found;  but 
benzol  and  its  homologues  were  found  to  be  present  in  much  smaller 
quantity  than  in  the  Ohio  oil.  With  the  aid  of  my  assistants  and 
associates  I  am  at  present  engaged  in  the  study  of  the  butanes, 
octanes,  and  distillates  above  1 500  in  the  Ohio  and  Pennsylvania  oils, 
the  nitrogen  compounds,  and  the  oxygen  compounds.  Of  the  portions 
with  high  boiling  points,  distillation  in  vacuo  has  been  carried  to  3750 
under  50  mm.,  which  is  the  limit  with  ordinary  connections.  This 
temperature  corresponds  to  about  500°  under  atmospheric  pressure. 
With  a  special  form  of  apparatus  to  be  constructed,  it  is  intended  to 
carry  the  distillation  to  5000  under  50  mm.  pressure.  This  work  is 
carried  on  with  aid  granted  by  the  American  Academy  of  Arts  and 
Sciences  from  the  C.  M.  Warren  fund  for  chemical  research. 
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LABOR  A  TORIES. 

II.     STEAM    AND    HYDRAULICS. 


Ejector   Tests. 


These  tests  were  made  on  a  No.  6  Hancock  ejector,  with  |"  diam- 
eter steam  orifice  and  2"  delivery  pipe.  The  ejector  was  arranged  so 
that  the  lift  could  be  varied.  By  means  of  a  throttle  valve  in  the 
delivery  pipe  the  discharge  pressure  could  be  changed  when  desired. 
The  steam  used  was  found  by  calculating  the  flow  through  an  orifice 
placed  in  the  steam  pipe  about  2  feet  from  the  ejector  (described  in 
in  Technology  Quarterly,  5,  358).  The  quantity  of  water  delivered 
was  found  either  by  flowing  it  over  an  8"  weir  or  by  direct  weighing. 
The  duty  (foot-pounds  of  work  done  per  1,000,000  British  Thermal 
Units  used)  was  calculated,  assuming  that  the  heat  put  into  the  delivery 
water  was  not  wasted.  The  heat  used  per  pound  of  steam  was  taken 
as  the  total  heat  of  the  steam  less  the  heat  of  the  liquid  at  the  delivery 
temperature. 

Pulsometer  Tests. 

These  tests  were  made  on  a  No.  4  pulsometer,  made  by  the  Pul- 
someter Steam  Pump  Co.,  of  New  York.  Water  was  drawn  from  a 
cistern  about  8  feet  below  the  pump.  The  discharge  was  carried  up 
about  8  feet  through  a  2^"  pipe,  and  the  different  delivery  pressures 
were  obtained  by  throttling  the  discharge.  The  delivery  was  meas- 
ured by  calculating  the  flow  over  a  12"  weir.  The  steam  used  by  the 
pulsometer  was  supplied  through  an  orifice  in  the  pipe,  and  the  weight 
calculated  by  Napier's  formulae.  On  account  of  the  throttling  at  the 
orifice  the  steam  was  superheated  in  some  of  the  tests.  The  number 
of  pulses  was  obtained  by  a  ratchet  counter,  operated  through  a  rubber 
diaphragm  connected  with  the  delivery  in  such  a  way  that  each  time 
the  ball  or  steam  valve  shifted  the  rubber  diaphragm  gave  motion  to 
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the  pawl  running  the  counter.  The  heat  supplied  per  pound  of  steam 
used  was  taken  as  the  total  heat  in  the  steam,  minus  the  heat  of  the 
liquid  corresponding  to  the  delivery  temperature. 

Tests  on  a  16",  io^"  X   12"  Duplex  Blake  Pump. 

This  pump  lifted  water  about  8  feet  through  about  1 5  feet  of  8" 
pipe  and  discharged  into  a  7"  pipe.  When  these  tests  were  made 
there  was  no  air  chamber  on  the  suction  pipe.  To  avoid  pounding,  an 
air  cock,  with  an  opening  |"  in  diameter,  was  tapped  into  the  suction 
pipe  close  to  the  pump  and  left  open  in  some  of  the  tests.  The  water 
pumped  was  measured  in  two  ways :  First,  by  calculating  the  flow 
through  two  i£"  diameter  and  one  2"  diameter  hose  nozzles ;  and,  sec- 
ond, by  running  the  water  from  the  hose  nozzles  over  a  4-foot  weir 
without  end  contractions. 

A  float  in  the  suction  tank  gave  the  distance  below  a  certain 
reference  point  on  the  air  chamber  of  the  pump ;  a  scale  and  water 
glass  on  the  air  chamber  gave  the  level  in  the  chamber  above  this  ref- 
erence point ;  and  a  steam  gauge  on  the  top  of  the  air  chamber  gave 
the  delivery  pressure.  From  these  the  total  lift  was  calculated.  The 
steam  used  was  condensed  in  a  surface  condenser  and  weighed. 

Six  indicators  were  used  in  taking  diagrams  —  four  on  the  two 
steam  cylinders,  and  one  on  the  steam  end  of  each  water  cylinder. 
In  calculating  the  duty  (or  foot-pounds  of  work  done  per  1,000,000 
B.  T.  U.)  it  was  assumed  that  the  condensed  steam  could  be  returned 
to  the  boilers  at  2120  F. 

Flow  of  Steam  Tests. 

The  orifice  used  was  £"  diameter,  2^"  long.  The  entrance  side  of 
the  orifice  was  rounded  with  a  curve  of  ^"  radius.  The  steam  after 
passing  through  the  orifice  was  condensed  in  a  surface  condenser  and 
weighed.  The  pressure  in  the  orifice  was  obtained  by  means  of  a  pipe 
which  led  through  the  back  head  of  the  apparatus  and  connected 
with  a  hole  J^"  diameter  drilled  into  the  orifice  at  right  angles  to  the 
steam  jet  flowing  through. 

The  quality  of  the  entering  steam  was  found  by  using  the  appara- 
tus as  a  throttling  calorimeter.  The  throttling  was  done  at  the  orifice, 
and  the  temperature  and  pressure  of  the  superheated  steam  were  taken 
beyond  the  orifice. 
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Tests  on  Horizontal  Belt  Machine. 

This  machine  consisted  of  three  shafts  and  a  brake.  Two  of  these 
shafts  were  movable,  so  that  the  tension  on  the  test  belts  could  be 
varied.  From  a  movable  driving  shaft  a  belt  led  to  a  weighing  shaft, 
and  from  this  weighing  shaft  another  belt  led  to  a  fixed  shaft  which 
was  belted  to  a  brake  by  a  10"  double  belt.  The  hangers  of  the 
weighing  shaft  were  fastened  to  a  frame  which  turned  on  pivots  verti- 
cally under  the  shaft.  The  pull  of  the  two  belts  tending  to  turn  this 
shaft  about  the  pivots  was  weighed  by  two  sets  of  scale  levers.  Each 
set  of  levers  was  attached  to  one  of  the  horizontal  adjusting  screws  of 
a  hanger.  The  whole  frame,  carrying  the  weighing  shaft  and  scales, 
could  be  moved  horizontally  by  screws.  From  the  weights  on  the 
scales  the  sum  of  the  tensions,  or  Tx  -f-  Tv  of  each  belt  was  calculated. 
From  the  speeds  of  the  belts  and  the  horse  power  transmitted  the 
effective  pull,  or  Tx  —  Tv  of  each  belt  was  calculated,  and  hence  7"x 

and  T2  for  each  belt.     The  coefficient  of  friction    /  was  calculated 

from  the  formulae 

~X  3.1416. 


-77=  2.mf> 


The  pulleys  were  all  about  30"  in  diameter.  The  greatest  error  in 
reading  the  revolutions  of  the  different  shafts  was  not  greater  than 
1  revolution  in  10,000  revolutions.  It  was  found  that  in  the  case  of 
leather  belts  the  moisture  in  the  air  affected  the  amount  of  slip. 

Tests  on  a  No.  7  Mack  Injector. 

The  steam  used  was  calculated  from  the  flow  through  an  orifice 
inserted  in  the  steam  pipe.  The  water  delivered  was  weighed.  The 
injector  was  fed  from  a  tank  6  feet  in  diameter  and  10  feet  tall  on 
the  floor  below.  The  level  in  this  tank  could  be  varied,  but  was  kept 
constant  throughout  any  test. 

Tests  on  a  Hancock  Inspirator. 

The  inspirator  tested  had  a  |"  suction  pipe  and  a  |"  delivery  pipe, 
and  was  supplied  with  steam  through  a  £"  pipe.  The  inspirator  was 
placed  on  the  second  floor  and  drew  from  a  standpipe  26  feet  long. 
The  level  of  the  water  in  this  pipe  was  kept  constant  by  feeding  water 
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into  it  from  a  barrel  on  the  second  floor  as  fast  as  the  inspirator  took 
it  out.  By  means  of  an  electrical  attachment  a  bell  was  rung  when- 
ever ioo  pounds  of  water  had  been  fed  out  of  this  barrel.  The  water 
delivered  was  also  weighed,  and  the  excess  over  ioo  gave  the  amount 
of  steam  used  in  feeding  ioo  pounds. 

Thermometer  cups  were  inserted  in  and  gauges  attached  to  the 
suction,  intermediate  chamber,  and  delivery,  and  from  these  the 
amounts  by  temperatures  were  calculated.  By  "  lifter  first  "  is  meant 
that  the  amount  of  steam  used  in  the  lifter  part  of  the  inspirator  was 
calculated  from  the  temperature  of  the  suction  and  intermediate  cham- 
ber, and  that  the  difference  between  the  total  steam  and  this  quantity 
was  the  amount  used  in  the  forcer. 


Tests  on  a  Wheeler  Condenser. 

The  maker's  rating  of  this  condenser  is  50  H.  P.  The  steam  sur- 
face was  taken  as  the  outside  area  of  the  large  tubes  in  contact  with 
steam.  The  water  surface  was  taken  as  the  inside  area  of  these  tubes. 
The  condensing  water  used  and  the  steam  condensed  were  weighed. 
In  some  of  the  tests  the  entering  steam  was  slightly  superheated. 


Boiler  Tests. 

In  all  of  the  tests  lasting  from  ten  to  twelve  hours  fires  were 
drawn  at  the  beginning  and  at  the  end.  In  the  tests  fifty-six  to  one 
hundred  and  twenty-eight  hours  long  fires  were  not  drawn,  but  as  near 
as  could  be  judged  the  same  amount  of  coal  was  on  the  grate  and  in 
the  same  condition  at  the  end  as  at  starting. 

Both  at  the  beginning  and  at  the  end  of  the  tests  when  the  fires 
were  drawn  the  boilers  were  making  steam  at  the  working  pressure. 
The  water  level  was  made  the  same  at  the  end  as  at  the  beginning. 
All  water  entering  the  boiler  was  weighed  in  barrels  and  discharged 
into  a  reserve  tank  from  which  the  feed  pumps  drew.  Temperatures 
of  the  feed  water  were  taken  at  frequent  intervals.  Coal  was  weighed 
as  fired.  Calorimeter  readings  to  determine  the  amount  of  priming  in 
the  steam  were  taken  every  thirty  minutes.  The  velocity  of  the  air 
entering  the  ash-pit  doors  was  obtained  from  readings  of  an  anemom- 
eter placed  in  a  galvanized  iron  pipe  about  18"  in  diameter,  supplying 
air  to  a  galvanized  iron  box  fitted  into  the  ash-pit  door  openings. 
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Tests  Nos.  31  to  36  and  Nos.  37  to  42  were  made  with  some  of  the 
tubes  plugged  at  both  ends  with  cast-iron  washers.  The  two  bottom 
rows  and  the  tubes  nearest  the  shell  were  the  ones  plugged. 

Boiler  No.  4  (old  numbering,  No.  2  new  numbering)  is  a  60"  hori- 
zontal multitubular  boiler  17  feet  long,  having  (70)  3^"  tubes  16  feet 
long.  The  heating  surface  in  the  tubes  =  953  square  feet;  heating 
surface  in  one  half  of  the  shell  =  127  square  feet;  total,  1,080  square 
feet.  Grate  surface,  29.17  square  feet.  Boiler  was  built  by  E.  Hodge 
&  Co.,  of  East  Boston. 

The  shop  boiler  at  the  Technology  workshops,  on  Garrison  Street, 
is  a  54"  boiler  17  feet  long,  having  (60)  3|"  tubes  16  feet  long.  The 
heating  surface  in  the  tubes  =  817  square  feet ;  the  heating  surface 
in  one  half  of  shell  =113  square  feet ;  total  heating  surface  =  930 
square  feet.  Grate  area,  25  square  feet,  reduced  to  13.5  square  feet 
during  tests.     Boiler  was  built  by  Whittier  Machine  Co.,  of  Boston. 

Boilers  Nos.  1  and  3  (old  and  new  numbering)  are  Babcock  &  Wil- 
cox water  tube  boilers,  rated  at  208  H.  P.  each.  The  grate  of  each 
is  84"  X  88",  giving  51.3  square  feet  area.  The  heating  surface  of 
each  is  2,214  square  feet,  made  up  as  follows: 

108  tubes  4"  diameter,  17'  —  8"  long  outside  area     .    .     .  1,997.3  square  feet. 

12  tubes  4"  diameter,  4/  —  6"  long  outside  area    ....  56.5  square  feet. 

2  drums  3  feet  diameter,  17  feet  long  \  outside  area  .    .    .  160.2  square  feet 

Total 2,214.0  square  feet. 

The  chimneys  of  Boilers  i  and  3  are  3'  X  3'  and  100  feet  in 
height. 

Test  on  a  No.  6  Douglas  Hydraulic  Ram. 

The  ram  tested  had  a  2^"  drivepipe  and  a  1^"  delivery.  The 
discharge  pressure  was  varied  by  means  of  a  lever  safety  valve  at 
the  end  of  the  delivery  pipe.  The  water  delivered  was  weighed.  The 
overflow  was  either  weighed  directly  or  the  weight  calculated  from 
the  flow  through  a  rounded  mouthpiece  of  which  the  diameter  and 
the  coefficients  for  different  heads  were  known. 
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2,274,000 
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39 
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7 
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22.4 

228  5 

23,000 

34-o 

33-0 

757,500 
828,900 

250,700 
285,000 

■39 

3,022,000 

46.0 

40 

Da  - 

7 

58.4 

176 

258.2 

31,930 

28.1 

36.1 

■37 

2,908,000 

64.0 

41 

Dec. 

1 

30.0 

28.9 

206.7 

14.420 

$0.6 

64.4 

936,300 

226,900 

•Sa 

4,082,000 

28.9 

42 

Dec 

9 

a93 

27.2 

203.5 

12,210 

339 

61.1 

tf0j8fl0 

231,500 

207,  *<*> 

•4« 

3.747.000 

24  4 

43 

Dec 

12 

390 

»5-3 

347- 1 

9,330 

»9-7 

57-3 

387,700 

•  14 

1,074,000 

18.6 

44 

Dec 

12 

38.0 

»5  a 

368.9 

7,850 
8,480 

33-9 

56.3 

439.300 

605,100 

•09 

7,264,000 

■5-7 

45 

Dec 

■3 

390 

a63 

268.9 

30.1 

56  5 

476,500 

387,700 

.21 

1 ,656,000 

16.9 

46 

Dec 

■4 

43-7 

19.6 

228.7 

'3.390 

33' 

41.6 

568,400 

348,100 

•  30 

2,345.ooo 

35.8 

3 

Dec. 

14 

45° 

ao.8 

230.7 

14.720 

305 

444 

651,700 

355.900 

■  33 

a.547,ooo 

19-5 

Dec 

'5 

43-0 

"8.5 

225.9 

11,740 

36.9 

34-4 

401,500 

310,600 

■•7 

1,293,000 

23-5 

49 

Dec 

,6 

54-5 

18.0 

2'-,  s 

18,300 

34  7 

■7-a 

313,500 

393,300 

.14 

1 ,070,000 

36.6 

50 

Dec. 

,1, 

52.1 

■  7-4 

268.  j 

15,300 

38.8 

i6.S 

250,200 

288,200 

.11 

868,000 

30.6 

5' 

Dec 

>  / 

54  6 

.8.3 

268.0 

21,200 

3'  3 

'9-5 

410,000 

292,000 

.18 

1,404,000 

4*4 

5* 

Dec. 

M 

54.8 

17.2 

266.3 

21,680 

303 

18.9 

384,900 

291,100 

■  17 

1,322,000 

43-4 

53 

Dec. 

20 

47-4 

■4  5 

222.5 

23.180 

398 

30  6 

485.S00 

241,300 

3 

2,012,000 

46.4 

54 

Dec. 

21 

30.8 

11. 7 

192.8 

16,350 

2S.7 

18.0 

292,000 

211,000 

1,389,000 

3»-7 

55 

Dec 

21 

52.0 

■8.5 

266.1 

21,310 

23.3 

470,900 

290,500 

.SI 

1,621,000 

43.6 

56 

Dec. 

22 

46.6 

22.4 

261.3 

17,830 

22.9 

35-9 

637900 

228,900 

.28 

2,208,000 

35-7 

57 

Dec. 

;i 

47-8 

17.8 

2.1^.4 

25,600 

»3-7 

30.5 

518,300 

264,000 

•  *5 

1,963,000 

51.3 

5« 

Dec. 

23 

43-3 

2J.6 

252.9 

10,810 

28.1 

44-9 

4s2,7'.i 

375.400 

.22 

i.753.ooo 

21.6 

59 

Dec. 

27 

35.6 

21.3 

241-9 

5.770 

378 

47-4 

271,200 

259,900 

•13 

1,044,000 

11.6 

60 

Dec. 

2S 

34-5 

248 

268.4 

5.870 

37.0 

51-4 

289.100 

2«S.OOO 

•'3 

1,004,000 

11.7 

61 

Dec. 

2S 

40   ■ 

23.1 

268.7 

9.'30 

33  5 

45-3 

409,700 

288,700 

.18 

1,419,000 

18.3 

26        Results  of  Tests  Made  in  the  Engineering  Laboratories. 
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84 
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85 
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86 
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•40 

3,118,000 

66.9 

92 
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28.1 
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1,786,000 
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•43 

3.355,000 

71.8 

93 

Nov.  10 

45-7 
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28.8 
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1,724,000 
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■  51 
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37-8 
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28,410 

34  1 

55-9 

1,585,000 

456,100 

•45 

3,474,ooo 

56.0 
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Nov.  13 

31.0 

39.6 
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14,040 

26  4 

84.8 

1,188,000 

299,600 
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3,967,000 
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96 

Nov.  13 

36.5 

40.1 

366.6 

l8,260 

29.1 

76.5 
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402,300 

■45 

3,462,000 

35.8 

97 

Nov.   14 

68.9 

2.  8 

3I4-I 

44,230 

33-6 

29.7 
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343,7°° 
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3,806,000 
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98 

Nov.  15 

68.8 
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302.4 

43,250 

33- 1 

29.1 
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330,900 

•49 

3,789,000 

85.9 

99 

Nov.  15 
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21.5 
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17-4 

5»-5 

630,000 

187,500 

•43 

3,360,000 

238 
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Nov.   16 

49-5 
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30,170 

24-5 
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54-o 

29.9 
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1,498,000 

410,200 

•47 

3,652,000 

677 
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Nov.  20 

55.3 

30-4 

387-2 

35,330 

29.8 

42.9 

1,510,000 

426,500 
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3,541,000 

69.9 

>°3 

Nov.  20 

52-5 

39-3 
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36,000 

34-9 

47-3 

1,697,000 
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3,212,000 
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Nov.  22 
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95.1 

106 

Nov.  23 

74.8 
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29.2 

32.3 

1,591,000 

463,900 
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3,430,000 

97.6 
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75-4 
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48,770 

32.8 

3i.3 

1,519,000 

576,700 

•34 

2,634,000 

96.5 
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Nov.  24 

59-7 
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465.3 

38,860 
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43-7 

1,694,000 

506,900 
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3,342,000 

76.8 
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Nov.  27 

39- > 

28.0 

298.2 

22,940 

26.7 

53-7 

1,226,000 

329,100 

.48 

3,728,000 

44-9 

no 

Nov.  27 

43-2 

28.8 

325-4 

26,450 

26.5 

53-9 

1,421,000 

358,500 

•51 

3,965,000 

52-3 

111 

Nov.  29 

40.8 

40.6 
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2 1 ,080 

30.0 

74.8 

1,574,000 

428,600 
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3,672,000 

41-4 

112 

Nov.  29 

39-3 

36.4 

395-6 

I9,6lO 

30.4 

68.6 

1,342,000 

433,400 

.40 

3,095,000 

38.4 
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Results  of  Tests  Made  in  the  Engineering  Laboratories. 
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TESTS    ON    HORIZONTAL    BELT    MACHINE,  1890. 
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Note.  —  Belt!  used  were  7"  leather-laced  double  belts. 
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•25 

56.7 

'7 

7-4 

1507 

6.9 

1513 

5-9 

412 

285.9 

287.6 

2.30 

2.28 

•>7 

.26 

55-7 

18 

7-4 

1505 

6.6 

1511 

6.2 

39° 

276.O 

275-7 

242 

2.41 

.28 

.28 

52.7 

■9 

7-5 

■525 

6.2 

1530 

6-7 

403 

28I.O 

283.7 

2.36 

2-32 

•27 

■27 

53-7 

20 

7-5 

•  524 

6.1 

1529 

7-5 

377 

269.6 

269  3 

2.51 

2.50 

.29 

.29 

50-3 

21 

7-5 

1520 

7-3 

■527 

7-5 

35" 

256.7 

256.4 

273 

2.72 

■32 

•32 

46.8 

22 

8.3 

1490 

6.7 

1496 

8.1 

390 

286.7 

286.3 

2.78 

2.76 

•33 

•32 

47-o 

23 

9-3 

1507 

8.9 

■5'5 

8.2 

39" 

297.I 

296.5 

3- '6 

3-M 

•37 

•37 

42.0 

24 

8.3 

■499 

8.9 

1507 

9.8 

339 

260.I 

260.6 

3-34 

328 

.38 

•38 

40.9 

25 

8-3 

1503 

8.5 

1511 

10. 1 

320 

25O.9 

250.2 

363 

3-59 

•41 

.4' 

38.6 

26 

9.2 

■497 

9.8 

1506 

10. 1 

346 

274.I 

273-5 

3.81 

3-77 

•43 

•42 

37-6 

"7 

9.2 

1490 

10.2 

1500 

9-8 

324 

263.5 

262.9 

4-35 

430 

•47 

•46 

35-2 

28 

10. 1 

1482 

11. 7 

■493 

11.7 

347 

284.5 

285.7 

4.70 

45' 

•49 

.48 

34-4 

29 

10.0 

■473 

11. 0 

■483 

11.7 

334 

278.6 

277-8 

5°3 

4-94 

•5" 

•5' 

33-4 

30 

9-3 

1498 

10.5 

■  508 

11. 3 

297 

250.3 

250.6 

5.48 

5.29 

•  54 

•53 

3'-9 

Note  i.  —  Belts  were  4"  laced-leather  single  belts. 

**      a- — Speed  of  belt  is  average  of  surface  speed  of  pulleys. 
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Results  of  Tests  Made  in  the  Engineering  Laboratories. 
TESTS   ON   HORIZONTAL    BELT    MACHINE,  1893. 


Date. 


11 


I 

V 


t\  =  'Jx 


s 


S 


Oct.      19 

Sept.     18 

Sept.     29 

Nov.       6 

Oct. 

Nov. 

Nov. 

Oct. 

Oct. 

Nov. 

Oct. 

Oct. 

Oct. 

Oct. 

Nov. 

Nov. 

Nov.     22 

Nov.       8 

Nov.     22 

Oct.        4 

Nov,       ■ 

Oct. 

Oct. 

Oct.        9 

Nov.      3 

Oct.        9 

Nov.     10 

Nov.     21 

Nov.     23 

Nov.    24 

Oct.        s 

Nov.     28 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov, 


16 


Nov.  17 

Nov.  20 

Nov.  6 

Nov.  27 

Nov.  29 

Oct.  6 

Oct.  12 
Nov 


Nov.  20 

Oct.  13 

Nov.  29 

Nov.  15 

Oct.  6 

Oct.  16 

Nov.  10 

Oct.  25 

Oct  11 

Oct.  30 


3-75 
5.50 
5-5' 
5-54 
5-59 
7.10 
7.21 

7-27 
7.29 
8.76 
8.79 
8.80 
8.94 
8.94 
8.99 
9.00 
0.44 
0.52 
°-55 
0.59 
0.60 
0.63 
0.65 
0.65 
2.02 

2'3 

2.14 
2.18 

2.22 
2.27 
2.27 
3-56 

3-74 
3.76 
3-77 
3-78 
3-79 
3-8o 
3.80 
384 
3-85 
3.88 
3-9o 
3-94 
3-98 
399 
4.07 
4- '4 
5-4i 
5-45 
5-54 
5.62 
5-63 
7.05 
7  06 
8.90 


2,253 
2,249 
2,249 
2,264 
2,284 
2,i99 
2,232 
2,250 
2,256 
2,182 
2,189 
2,201 
2,228 
2,226 
2,242 
2,234 
2,177 
2,  "95 
2,201 
2,207 
2,209 
2,215 
2,219 
2,221 
2,158 
2,203 
2,i79 
2,185 
2,192 
2,202 
2,202 

2,137 
2,166 
2,168 
2,172 
2,170 
2,171 
2,177 
2,175 
2,182 

2,179 
2,187 
2,190 
2,196 
2,204 
2,205 
2,219 
2,227 
2,164 
2,172 
2,181 
2,190 
2,201 
2,165 
2,187 
2,184 


2,254 
2,249 
2,248 
2,262 
2,282 
2,198 
2,231 
2,249 
2,255 
2,179 
2,187 
2,202 
2,225 
2,224 
2,238 
2,233 
2,172 
2,191 
2,197 
2,204 
2,205 
2,212 
2,218 
2,215 
2,i55 
2,198 
2, '73 
2,179 
2,186 
2,196 
2,198 
2,129 
2,159 
2,163 
2,146 
2,162 
2,166 
2,168 
2,168 
2,173 
2,176 
2,180 
2,184 
2,189 
2,198 
2,198 
2,212 
2,222 
2, "55 
2,162 
2,174 
2,185 
2,189 
2,159 
2,163 
2,163 


+  .1 

2-5 

•9 
3-3 

•9 
2-5 
3-3 
32 
25 
2-5 
2-5 
1.8 
4-i 
4-1 
4-9 
1.8 

5-7 
5.6 

6.4 
5-6 
3-3 
5-7 
4-1 
4-9 
7-2 
6.5 
10.4 

7-2 
8.9 
8.0 
6.4 
8.9 
7-3 
19.0 
15.9 
11. 2 

3-9 
12.7 

10.4 
12.7 
4-2 
8.9 
80 
7-2 

6.4 

8.1 
10.4 

6.4 
12.0 
15.1 

89 

°5 
19.0 

5-7 
30.9 
15. 1 


4-6 
4.6 
6.9 
5-4 
7.8 
4-5 
4-5 
5-4 
6.2 
0.1 
6.8 
6.8 
7-7 
6.1 
8.5 
6.9 
9.1 
8-3 
8.4 
7-6 
9.2 
6.8 
5-3 

13-9 
3-6 
9-2 
7-5 
9-i 
9-2 

10.0 

8.4 

11. 4 
13-0 

—4.2 
42.1 
10.7 
11.4 
10.8 
10.7 
10.7 
8.4 
10.7 
10.7 
10.8 
10.7 
108 
10.0 
10.0 

11.5 

11. 5 
13. 1 

8.3 
II.] 
11.4 
23-3 
31.9 


600 
530 
500 
700 
500 
700 
400 
500 
600 
400 
600 
700 
500 
500 
400 
700 
400 
400 
400 
500 
700 
600 
600 
500 
700 
500 
400 
400 
400 
400 
500 
400 
400 
700 
400 
400 
400 
400 
400 
400 
700 
400 
400 
500 
600 
400 
400 
600 
400 
400 
500 
600 
400 
600 
500 
600 


327 
306 
290 
390 
290 
403 
254 
303 
354 
266 

367 
416 

3'7 
3"7 

266 
416 
279 
279 
279 
329 
429 

379 
379 
329 
442 
341 
292 
292 
292 
292 
342 
305 
305 
455 
304 
3°5 
3°5 
305 
3°5 
305 
455 
305 
305 
355 
405 
3°5 
305 
405 
318 
3-8 
368 
418 
317 
430 
379 
443 


327 
306 
200 
39o 
290 
403 
254 
303 
354 
266 
367 
416 

317 
317 
266 
4i6 
279 
279 
279 
329 
429 
379 
379 
329 
442 
341 
292 
292 
292 
292 
342 
3°5 
305 
455 
306 

305 
305 
305 
305 
305 
455 
305 
305 
355 
405 

305 
305 
405 
318 
3i8 
368 
418 
3-8 
430 
380 
444 


273 
224 
210 
310 
210 
297 
146 

'97 
246 
134 
233 
284 
■83 
■83 
134 
284 
121 
121 
121 
171 

27' 
221 
221 
17' 
258 
159 
108 
108 
108 
108 
158 
95 
95 
245 
96 

95 
95 
95 
95 
95 
245 
95 
95 
145 
■95 
95 
95 
■95 
82 
82 
132 
182 
83 
170 
121 
'57 


273 
224 
210 
310 
210 

297 
146 
'97 
246 
'34 
233 
284 
'83 
.83 
'34 
284 
121 
121 

121 

'7' 
27' 
221 
221 
■7' 
258 
■59 
108 
108 
108 
108 
.58 
95 
95 
245 
94 
95 
95 
95 
95 
95 
245 
95 
95 
'45 
'95 
95 
95 
'95 
82 
82 
'3» 
182 
82 
170 
120 
•  56 


.057 
.099 
.103 
.073 
.103 
.097 
..76 
•'37 
.116 
.218 

•  '45 
.121 

•175 
•175 
.218 
.121 
.266 
.266 
.266 
.208 
.146 
•172 
.172 
.208 
■171 
•243 
■3'7 
•3'7 
■3'7 
■3'7 
.246 
•372 
•372 

•  '97 
.367 
•372 
•372 
•372 
•372 
•372 
•'97 
•372 
■372 
.285 
■233 
•372 
•372 
•233 
•43' 
•43' 
.326 
.264 
•427 
•295 
.363 
•330 


057 
.099 
.103 
.073 
.103 

•097 
.176 
•'37 
.116 
.218 
•'45 
.121 
•'75 
•'75 
.218 
.121 
.266 
.266 
.266 
.208 
.■46 
.172 
.172 
.208 
.171 
■243 
•3'7 
•3'7 
•317 
■317 
.246 
•372 
■372 
•'97 
•376 
•372 
372 
•372 
•372 
•372 
■'97 
•372 

•  372 
.285 
■233 
•372 

•  372 
■233 
■  43" 
•43' 

326 
.264 
•43« 
•295 
•367 
•333 


Note.  —  6"  laced  rubber  belts. 
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TESTS    ON    WHEELER    CONDENSER,   1892. 
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TESTS    ON    A    MACK    INJECTOR,  1893. 
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SUMMARY   OF  A   72-HOUR  BOILER  TEST.     March  9  to   March   12,    1891. 
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Description  of  boilers : 

Babcock  &  Wilcox. 
108  tubes,  4  inches  diameter,  17  feet  8  inches  long,  outside  area  =  1997.3  square  feet. 
12  tubes,  4  inches  diameter,  4  feet  6  inches  long,  outside  area  =:      56.5  square  feet. 
2  drums,  3  feet  diameter,  17  feet  long,  £  outside  area  =  160.2  square  feet. 

Grate  surface,  No.  3,  84  inches  by  88  inches  area,  square  feet 

Water-heating  surface,  square  feet 

Ratio  of  water-heating  surface  to  grate  surface 

Pounds  of  coal  fired,  including  coal  equivalent  of  wood 

Unburned  fuel 

Coal  burned,  including  coal  equivalent  of  wood 

Average  coal  burned  for  15  minutes 

Total  refuse  from  coal 

Total  combustible 

Average  combustible  for  15  minutes 

Average  pounds  of  air  for  15  minutes 

Air  per  pound  of  coal 

Air  per  pound  of  combustible 

Quality  of  steam,  saturated  steam  taken  as  unity 

Total  water  pumped  into  boiler  and  apparently  evaporated 

Water  apparently  evaporated  per  pound  of  coal 

Water  actually  evaporated,  corrected  for  quality  of  steam 

Equivalent  water  evaporated  into  dry  steam,  from  and  at  2120  F 

Equivalent  water  evaporated  into  dry  steam,  from  and  at  2120  F.,  per  pound  of  coal, 
Equivalent  water  evaporated  into  dry  steam,  from  and  at  2120  F.,  per  pound  of  com- 
bustible        

Coal  burned  per  square  foot  of  grate  surface  per  hour 

Water  evaporated,  from  and  at  2120  F.,  per  square  foot  of  heating  surface  per  hour  . 


Boiler  No.  3. 
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SUMMARY   OF  A   128-HOUR   BOILER   TEST. 
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33,826 

3,329 
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■892. 

Jan.        1 
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36.6 
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51.96 

31,322 
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.98, 

PI 

3-11 
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62 
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1,027 

1,008 

.982 

242 
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7-3 

14.70 

104.8 
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66 

66 

44-41 

29,l62 
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646 

724 

.982 

288 

Total  .   . 

548,794 

64,639 

1, 
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8669.5 

Average  . 
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109.9 

375 

64.0 

64.0 

50.51 

•983 
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■5 

i',. 

1 
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Description  of  Boilers : 

Babcock  &  Wilcox  No.  t. 
108  tubes,  4  inches  diameter,  17  feet  8  inches  long,  outside  area  —  1997.3  square  feet, 
is  tubes,  4  inches  diameter,  4  feet  6  inches  long,  outside  area  B      56.5  square  feet, 
a  drums,  3  feet  diameter,  17  feet  long,  •}  of  outssde  surface  S  160.2  square  feet. 

Grate  surface.  No.  t,  84  inches  by  88  inches  area,  square  feet 

Water-heating  surface,  square  feet 

Ratio  of  water-heating  surface  to  grate  surface 

Pounds  of  coal  fired,  including  coal  equivalent  of  wood        , 

Unbumed  fuel 

Coal  burned,  including  coal  equivalent  of  wood 

Average  coal  burned  for  15  minutes •        •         .         ■ 

Total  refuse  from  coal 

Total  combustible 

Average  combustible  for  15  minutes 

Average  pounds  of  air  for  15  minutes 

Air  per  pound  of  coal 

Air  per  pound  of  combustible 

Quality  of  steam,  saturated  steam  taken  as  unity 

Total  water  pumped  into  boiler  and  apparently  evaporated 

Water  apparently  evaporated  per  pound  of  coal 

Water  actually  evaporated,  corrected  for  quality  of  steam 

Equivalent  water  evaporated  into  dry  steam,  from  and  at  212'  F.          .... 
Equivalent  water  evaporated  into  dry  steam,  from  and  at  2120  F.,  per  pound  of  coal . 
Equivalent  water  evaporated  into  dry  steam,  from  and  at  21a0  F.,  per  pound  of  com- 
bustible       . 

Coal  burned  per  square  foot  of  grate  surface  per  hour 

Water  evaporated,  from  and  at  m0  F.,  per  square  foot  of  heating  surface  per  hour   . 


Boiler  No.  1. 


5'  3 

2.214 
43-  >© 

64.639 

64,639 
126.2 
8,669 
55.970 
109.3 
1,681 
13.3a 
1538 
.983 
548,794 

8.49 
539,465 
614.277 
95° 

10.08 
9.84 
2.167 
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SUMMARY    OF    A    56-HOUR    BOILER    TEST    ON   A    BATTERY    OF    TWO 
208  H.  P.  BABCOCK  &  WILCOX  BOILERS.     April  13,  14,  15,  1892. 
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1892. 
April     13 

8-4 

14.80 

113.5 

S3 

58 

S9 

39-4 

39-3 

70,616 

3,900 

3,600 

:,868 

2,247 

.986 

2'5 

340 

4-12 

14.84 

116.2 

47 

49 

49 

35-6 

35" 

62,095 

2,700 

3,300 

1.997 

",937 

.986 

739 

... 

April     14 

12-8 

14.80 

107. 1 

39 

4' 

42 

»5-7 

25-9 

41,592 

3,900 

3,300 

2,203 

1,946 

.986 

375 

7»4 

8-4 

14.85 

1 26. 1 

So 

55 

S8 

4i-5 

43.9 

80,839 

3,900 

5,400 

1,774 

2,403 

•985 

276 

700 

4-1J 

14.80 

1 18.4 

SO 

58 

S9 

47-2 

48.9 

45,384 

3,000 

3,000 

1,482 

1,211 

.986 

639 

... 

April     15 
11-8 

1473 

122.3 

43 

68 

67 

57° 

60.2 

35,575 

2,400 

1,500 

1,038 

9>3 

.986 

347 

602 

8-4 

14.71 

121. 6 

47 

69 

61 

44-9 

46.3 

76,870 

3,900 

4,500 

1.965 

1,869 

.986 

239 

*7S 

Total   .  . 

4"2,97" 

33,700 

24,600 

2,830 

2,641 

Average  . 

14.80 

1 17.9 

4..6 

42.7 

1,761 

>,789 

.986 

Description  of  Boilers : 

a    Babcock  &  Wilcox,  run  in  battery. 

Grate  surface,   {  g°'  '•  **  fc*"  ^  J  J  ££"  area'  ^uare  J"*  }  .        . 

'    (  -N  u.  3,  84  inches  by  88  inches  area,  square  feet ) 

Water-heating  surface,  square  feet 

Ratio  of  water-heating  surface  to  grate  surface 

Pounds  of  coal  fired,  including  coal  equivalent  of  wood 

Unburned  fuel , 

Coal  burned,  including  coal  equivalent  of  wood 

Average  coal  burned  for  15  minutes  ......... 

Total  refuse  from  coal 

Total  combustible 

Average  combustible  for  15  minutes  .        .        .        . 

Average  pounds  of  air  for  15  minutes 

Air  per  pound  of  coal 

Air  per  pound  of  combustible 

Quality  of  steam,  saturated  steam  taken  as  unity 

Total  water  pumped  into  boiler  and  apparently  evaporated      .... 

Water  apparently  evaporated  per  pound  of  coal 

Water  actually  evaporated,  corrected  for  quality  of  steam        .... 
Equivalent  water  evaporated  into  dry  steam,  from  and  at  3120  F.    . 
Equivalent  water  evaporated  into  dry  steam,  from  and  at  aia°  F.,  per  pound 

of  coal     

Equivalent  water  evaporated  into  dry  steam,  from  and  at  21a0  F.,  per  pound 

of  combustible 

Coal  burned  per  square  foot  of  grate  surface  per  hour 

Water  evaporated,  from  and  at  2120  F.,  per  square  foot  of  heating  surface 

per  hour         


Boiler  No.  1. 


51-3 

2,214 
4316 

*3,7oo 

23.700 
105.8 
2,830 
20,870 
93-1 
17.61 
16.6 
18.9 


Boiler  No.  3. 


.986 
412,971 

8.55 
407,189 
470,449 

9-74 

10.9S 


2,214 

4316 
24,600 

24,600 
109.8 
2,641 
24,600 
98.0 
17.89 
16.3 
18.3 


8.25 


8.56 


1.89 
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AVERAGE  TEMPERATURE  °C.  BY  PYROMETER. 


Beyond  and  near  top  of 

Beyond  and  at  the  bottom 

In  the  Hue  14  feet 

first  baffle  plate. 

of  first  baffle  plate. 

above  grate. 

1st  S  hours                , 

636 

310 

230 

ad  8  hours 

610 

3*5 

"7 

3d   8  hours 

433 

260 

J06 

4th  8  hours 

737 

ill 

»77 

5th  8  hours 

470 

1 5a 

6th  8  hours 

452 

*3» 

>5* 

7th  8  hours 

Pyrometer  readings,  samples  of  flue  gas,  and  draught  pressures 
were  taken  at  frequent  intervals  from  different  parts  of  the  setting 
and  from  the  flue  of  boiler  No.  3. 


AVERAGE   DRAUGHT   PRESSURE  IN  INCHES  OF  WATER  AT  220  C. 


Ash-pit. 

Over  grate. 

Flue  14  feet  above  grate. 

.041 

•004 

•475 

ANALYSIS  OF  COAL  AND  ASH. 

C. 

H. 

H.O.                     S. 

Ash. 

NandO. 

Cod   ...     . 
Aih    .     .     .     . 

8307 

»-7S 

J.60 
•  'J 

2.07 

0. 

0.80 

8.S6 

1.51 
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SUMMARY    OF    A    128-HOUR    BOILER    TEST    ON    NO. 

January  2-7,   1893. 


BOILER. 


Pressures. 

Temperatures. 

Weights. 
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Jan.       2 

8-4 

145 

in. 7 

44.o 

42.7 

44,406.0 

5,100 

«,675 

383.0 

4-12 

14.6 

114.9 

36.0 

40.  s 

37,884.5 

4,500 

',483 

215.0 

Jan.        3 

12-8 

14.6 

113.4 

30.0 

42.8 

35,222.0 

4,200 

1,817 

•984 

327.0 

8-4 

'4-7 

1 10.2 

29.5 

456 

38,067.0 

5,400 

1,003 

.986 

1297.0 

4-12 

'4-7 

110.4 

■5-5 

43-' 

44,887.0 
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.987 

698.5 

Jan.        4 
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43,468.0 
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670.0 
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17.0 
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20.0 

44-8 
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>,833 

.986 
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Jan.       6 

12-8 

M-7 

105.9 

10.8 

54.8 

42,073.0 

5.700 

2,35> 

•987 

4450 
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14.6 

77.2 

12.9 

40.0 

49.774-0 

6,900 
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•984 
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14.6 

96.9 

II.O 

38.8 
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2,348 

.985 

486.0 

Jan.         7 

12-8 

M-7 

98.. 

8.0 

34-2 

40,503.0 

6,000 

2,628 

•984 

682.0 

8-4 

14.8 

96.O 

18.7 

41. 1 

40,734-0 

6,300 

2,837 

.983 

"3355 

Total    .  , 

662,212 

85,832 

10,857.5 

Average  - 

M-7 

103,6 

19.7 

43-44 

2,098 

.986 

22. 
23- 


Description  of  boilers : 

Babcock  &  Wilcox,  water  tube. 

Grate  surface,  No.  3,  84  inches  by  88  inches  area,  square  feet      _. 

Water-heating  surface,  square  feet 

Ratio  of  water-heating  surface  to  grate  surface 

Pounds  of  coal  fired,  including  coal  equivalent  of  wood 

Unburned  fuel 

Coal  burned,  including  coal  equivalent  of  wood 

Average  coat  burned  for  15  minutes 

Total  refuse  from  coal 

Total  combustible  .   * 

Average  combustible  for  15  minutes 

Average  pounds  of  air  for  15  minutes 

Air  per  pound  of  coal 

Air  per  pound  of  combustible 

Quality  of  steam,  saturated  steam  taken  as  unity 

Total  water  pumped  into  boiler  and  apparently  evaporated  ...... 

Water  apparently  evaporated  per  pound  of  coal  . 

Water  actually  evaporated,  corrected  for  quality  of  steam 

Equivalent  water  evaporated  into  dry  steam,  from  and  at  2120  F 

Equivalent  water  evaporated  into  dry  steam,  from  and  at  2120  F.,  per  pound  of  coal 

Equivalent  water  evaporated  into  dry  steam,  from  and  at  2120  F.,  per  pound  of  combus- 
tible      

Coal  burned  per  square  foot  of  grate  surface  per  hour 

Water  evaporated,  from  and  at  2120  F.,  per  square  foot  of  heating  surface  per  hour  . 


Boiler  No.  3. 


5»-3 
2,214 
43.16 

85.832 

85,832 

167.64 
10,858 
74.974 
146.43 
2,098 
12.52 
M-33 
.986 
662,212 

7.72 
652,940 
750.97° 

8-75 

10.02 
1307 
2.65 
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SUMMARY   OF  A   54-HOUR   BOILER  TEST.     April  10,  11,  12,  1893. 
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34.056 

5.7O0 
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31.10 
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75* 
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33.400 

3.900 
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30,198 

4,3oo 
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56.0 
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31,364 
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Total    .    .    . 

389,304 

35.700 

■.745 

4,383 

Average    .    . 

■35-7 

33.56 

•974 

19, 

20. 

21. 

22. 

2J 


Description  of  boilers ; 
Babcock  &  Wilcox. 

Grate  surface,  No.  3,  84  inches  by  88  inches  area,  square  feet , 

Water-heating  surface,  square  feet 

Ratio  of  water -heating  surface  to-grate  surface 

Pounds  of  coal  fired,  including  coal  equivalent  of  wood 

Unburned  fuel 

Coal  burned,  including  coal  equivalent  of  wood 

Average  coal  burned  for  15  minutes 

Total  refuse  from  coal 

Total  combustible 

Average  combustible  for  15  minutes 

Average  pounds  of  air  for  15  minute* 

Air  per  pound  of  coal 

Air  per  pound  of  combustible 

Quality  of  steam,  saturated  steam  taken  as  unity 

Total  water  pumped  into  boiler  and  apparently  evaporated 

Water  apparently  evaporated  per  pound  of  coal 

Water  actually  evaporated,  corrected  for  quality  of  steam 

Equivalent  water  evaporated  into  dry  steam,  from  and  at  2  ia°  F. 

Equivalent  water  evaporated  into  dry  steam,  from  and  at  2  12  :  F  ,  per  pound  of  coal 

Equivalent  water  evaporated  into  dry  steam,  from  and  at  aia°  F.,  per  pound  of  combus- 
tible      

Coal  burned  per  square  foot  of  grate  surface  per  hour 

Water  evaporated,  from  and  at  2 12°  F.,  per  square  foot  of  heating  surface  per  hour  . 


Boiler  No.  3- 


5«-3 

43.16 
35.7oo 

35»7oo 
165.3 
4,382 
3i,3"8 
M5 
'.745 
10.56 
12.04 
•974 
389,204 

8.1 
281,685 
331.687 

9.29 

10.59 
12.83 
a. 77 
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SUMMARY   OF  AN  88-HOUR  BOILER   TEST.     December  26-30,   1893. 
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■,834 

.984 

.0440 

•5580 

8-4 

146 

114.6 

37-i 

45-9° 

45,637 

6,000 

1,683 

.983 

.OI77 

•S630 

4-12 

■4-5 

112. 9 

40.7 

4S-8o 

39,072 

5,100 

1,636 

.982 

.0402 

■5030 

Dec.     29 

12-8 

MS 

113.5 

43-2 

36.48 

36,493 

5.700 

1.947 

.984 

.O376 

•4750 

8-4 

14-5 

1 143 

46.4 

38.82 

35.690 

4,500 

.984 

.0220 

.4840 

4-12 

14.6 

113. 0 

41.0 

43-20 

38,921 

4.500 

2,170 

.984 

.O348 

.5290 

Dec.     30 

12-8 

147 

100.7 

34-2 

48.80 

39»4'0 

6,300 

2.749 

.984 

.O263 

.6180 

Total .    . 

45*>*95 

63,900 

Average  . 

■4-7 

110. 1 

34-1 

41.89 

1.996 

.984 

.0328 

.5488 

Description  of  boilers  : 
Babcock  &  Wilcox. 

Grate  surface,  No.  3,  84  inches  by  88  inches  area,  square  feet       ...... 

Water-heating  surface  ^square  feet 

Ratio  of  water-heating  surface  to  grate  surface      ......... 

Pounds  of  coal  fired,  including  coal  equivalent  of  wood 

Unburned  fuel 

Coal  burned,  including  coal  equivalent  of  wood 

Average  coal  burned  for  15  minutes 

Total  refuse  from  coal 

Total  combustible 

Average  combustible  for  15  minutes 

Average  pounds  of  air  for  15  minutes 

Air  per  pound  of  coal 

Air  per  pound  of  combustible 

Quality  of  steam,  saturated  steam  taken  as  unity 

Total  water  pumped  into  boiler  and  apparently  evaporated   ....... 

Water  apparently  evaporated  per  pound  of  coal 

Water  actually  evaporated,  corrected  for  quality  of  steam 

Equivalent  water  evaporated  into  dry  steam,  from  and  at  2120  F. 

Equivalent  water  evaporated  into  dry  steam,  from  and  at  2120  F.,  per  pound  of  coal 

Equivalent  water  evaporated  into  dry  steam,  from  and  at  212°  F.(  per  pound  of  combus- 
tible       

Coal  burned  per  square  foot  of  grate  surface  per  hour 

Water  evaporated,  from  and  at  2120  F.,  per  square  foot  of  heating  surface  per  hour  . 


Boiler  No.  3. 


5»-3 

2,214 
43-i6 
63.900 

63,000 

181. 5 
10,113 
53.787 

152. 8 
1,996 
10.99 
1306 
.984 
452.295 

7.08 
445.058 
514,065 

8.04 

g.56 
14.16 

2.64 
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Barometer,  pounds 
per  square  inch. 


Steam  gauge. 


Outside  air.     °C. 


Feed.    °C.     Boiler 
No.  t. 


Feed.  Boiler  No.  3. 


Pounds  of  water. 
Boilers  Nos.  1  &  3. 


Pounds    of    fuel. 
Boiler  No.  1. 


Pounds    of    fuel. 
Boiler  No.  j. 


Average  pounds  of 
air  for  15  minutes. 
Boiler  No.  1. 


Average  pounds  of 
air  for  15  minutes. 
Boiler  No.  3. 


Results  of  calorimeter 
experiments. 


No.  1. 


No.  3. 


No.  1. 


No.  3. 


No.  1. 


No.  3. 
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TESTS   ON   A   NO.  6  DOUGLAS    HYDRAULIC    RAM. 
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•6 

V 

1 

I 

1 

■ 

I 

Date. 

i 
2 

£ 
O 

3 

1 
i 

■ 

> 

1 

3 
a 

1 
t 

■ 

V 
V 

V 

.to 

31 

B 

s 

ii 

a  3 

c 
0 

J*  1 

y 

I 
■ 

I, 

a 

.=    3 

1! 
$1 

a 

3 

■ 

> 

1 

J 
"3 

5'i 

4>    1- 

72   C 

SI 

p 

'0 

i 

S5 

H 

a 

£ 

ft 

£ 

< 

H 

0 

i 

■893- 
Dec.     24 

"'•4 

26.0 

320 

100 

225 

21.0 

2,785 

',279 

45-9 

2.85 

2 

Dec.     15 

26.0 

307 

101 

230 

»4-7 

2,847 

1,500 

52.7 

330 

3 

Dec.     13 

1894. 
Feb.       1 

27.0 

260 

98 

217 

17-3 

2,687 

',079 

40.2 

2.31 

4 

19.0 

246 

84 

201 

18.9 

2,487 

829 

33-3 

2.30 

6 

Feb.       2 

20.4 

344 

86 

.78 

22.9 

2,207 

',079 

489 

23 

7 

Feb.       2 

337 

'95 

83 

'53 

13-0 

1,895 

712 

37-6 

1.6 

8 

Feb.       s 

24.1 

279 

87 

'63 

9-3 

2,019 

518 

25.6 

1.1 

9 

Feb.       5 

25-3 

328 

84 

150 

10.9 

1,859 

639 

34-4 

'•3 

IO 

Feb.      6 

20.7 

59' 

88 

'77 

19.7 

2,196 

942 

42.8 

2-37 

ii 

Feb.       6 

22.5 

452 

84 

■58 

15.1 

1,960 

783 

39-9 

1. 81 

12 

Feb.       7 

22.0 

269 

86 

168 

17.9 

2,083 

932 

44-7 

2.15 

■3 

Feb.       8 

22.8 

415 

85 

166 

13.8 

2,055 

728 

35-4 

1.66 

14 

Feb.       8 

23-5 

410 

86 

164 

■3-7 

2,031 

744 

36.6 

..65 

'5 

Feb.       9 

23-5 

260 

87 

168 

13.0 

2,083 

706 

33-9 

..56 

16 

Feb.      9 

21.2 

426 

86 

172 

21-3 

2,130 

1,043 

49.0 

2.56 

18 

Feb.     12 

'3-2 

1,702 

83 

2'7 

56.7 

2,685 

1,729 

645 

6.81 

'9 

Feb.     12 

'45 

645 

87 

207 

43  0 

2,567 

1,44° 

S6.i 

5-6 

20 

Feb.     13 

12.7 

830 

85 

214 

55-3 

2,654 

1,623 

61.2 

6.64 

21 

Feb.      14 

20.5 

676 

86 

'79 

22.5 

2,214 

1,039 

46.9 

2.70 

22 

Feb.      15 

18.6 

547 

87 

186 

"7-4 

2,303 

','75 

51.0 

3.28 

23 

Feb.     15 

18.2 

580 

88 

'93 

29.0 

2,393 

1,219 

50.9 

3-48 

24 

Feb.     16 

17.0 

732 

87 

'97 

36.6 

2,447 

',439 

59.0 

4-39 

25 

Feb.     16 

19.4 

521 

86 

192 

34-7 

2,380 

',555 

65.0 

4'6 

26 

Feb.     19 

18.0 

610 

86 

'92 

30.5 

2,377 

1,268 

53-3 

366 

»7 

Feb.     20 

18.0 

570 

88 

191 

285 

2,369 

1,185 

50.0 

3-42 

28 

Feb.     20 

17-7 

43" 

86 

189 

28.7 

2,337 

','73 

50.2 

3-45 

*9 

Feb.     23 

'9-5 

378 

IS 

188 

25.2 

2,325 

1,  "35 

48.8 

3  03 

30 

Feb.     26 

■7-7 

437 

190 

29.1 

2,358 

1,189 

50.4 

3-50 

31 

Feb.     27 

18.3 

45' 

87 

190 

30.0 

2,360 

1,270 

53.8 

360 

3» 

March    1 

19.5 

493 

88 

185 

24-9 

2,288 

1,121 

490 

2.99 

33 

March    I 

18.3 

432 

89 

'93 

29.0 

2,392 

1,217 

50.9 

346 

34 

March   2 

19.5 

365 

88 

187 

24-3 

2,316 

1,096 

47-3 

2  02 

35 

March    2 

20.0 

508 

90 

.87 

25-4 

2,323 

1. 173 

50.5 

3.05 

36 

March    5 

20.3 

35° 

89 

190 

23-3 

2,360 

1,092 

46.3 

2.79 

37 

March    6 

20.2 

363 

87 

■84 

24.2 

2,279 

1,124 

49-3 

2.00 

38 

March    9 

■3-2 

995 

86 

240 

66.3 

2,980 

2,020 

67.9, 

7.96 

39 

March    9 

17.2 

488 

86 

2IO 

32.5 

2,610 

1,230 

49.6 

3-9° 

40 

March  12 

17-4 

47' 

86 

207 

3'-4 

2,570 

1,260 

49.2 

3-77 

41 

March  13 

22.1 

256 

93 

,8? 

17. 1 

2,320 

873 

37-6 

2.06 

42 

March  13 

21.9 

253 

90 

IS? 

16.8 

2,320 

85O 

36.7 

2.01 
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FROM  THE  ELECTRICAL    CONDUCTIVITY. 

By  ARTHUR  A.  NOYES  and  CHARLES  G.  ABBOT. 

Received  January  n,  1895. 

Contents.  —  1.  Aim  and  principle  of  the  investigation.  2.  Preparation  and  analysis 
of  the  salts.  3.  Methods  of  procedure.  4.  The  experimental  results.  5.  Calculation  of 
the  dissociation.  6.  The  validity  of  the  solubility  principles.  7.  The  electrical  conductivity 
of  the  salts  and  the  values  of  the  dissociation  calculated  therefrom.  8.  The  agreement  of 
the  dissociation  values  obtained  by  the  two  methods. 

i.     The  Aim  and  Principle  of  the  Investigation. 

The  application  of  the  law  of  chemical  mass-action  to  the  case 
■of  saturated  solutions  of  partially  dissociated  salts  leads  to  the  follow- 
ing principle,  which  was  first  expressed  by  Nernst :  The  product  of 
the  masses  of  the  ions  of  the  salt  with  which  the  solution  is  saturated 
remains  constant  in  the  presence  of  other  salts.  The  exactness  of 
this  principle  is,  however,  not  as  yet  thoroughly  established.  It  is 
doubtful  whether  the  law  of  mass-action  may  properly  be  applied  to 
this  case,  since  the  dissociation  of  salts  as  derived  from  electrical 
conductivity  measurements  does  not  vary  with  the  concentration  of 
the  solution  in  accordance  with  the  requirements  of  that  law.  More- 
over, experimental  investigation  of  the  Nernst  principle  has  not  led 
to  decisive  results.  The  first  experiments  relative  to  this  principle 
were  conducted  by  Nernst1  and  by  one  of  the  present  authors.2 
The  solubility  of  a  difficultly  soluble  salt  was  determined  both  in  pure 
water  and  in  the  presence  of  other  soluble  salts,  which  had  an  ion 
in  common  with  the  first.  The  solubility  of  the  difficultly  soluble  salt 
in  the  presence  of  the  added  salt  was  also  calculated,  with  the  help 
of  the  Nernst  principle,  from  the  values  of  the  dissociation  obtained 
by  means  of  electrical  conductivity  measurements.  The  agreement 
between  the  observed  and  calculated  solubility  values  was  only  approx- 


1  Zeitschrift  fiir  physikalische  Chemie,  4,  372.     '  Ibid.,  6,  241. 
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imate.  It  was,  however,  uncertain  whether  the  cause  of  this  deviation 
lay  in  the  failure  of  the  Nernst  principle  or  in  the  inaccuracy  of  the 
dissociation  values  calculated  under  the  assumption  that  the  electrical 
conductivity  of  salts  is  exactly  proportional  to  their  dissociation. 
Later  Arrhenius1  made  similar  solubility  measurements,  and  calcu- 
lated the  dissociation  of  the  difficultly  soluble  salt  by  means  of  the 
Nernst  principle  without  the  help  of  electrical  conductivity  measure- 
ments. Obtaining  disagreeing  values  from  different  series  of  experi- 
ments, he  concluded  that  the  solubility  principle  is  incorrect.  But 
his  calculations  involved  the  assumption  that  the  dissociation  of  the 
saturating  salt  is  the  same  as  that  of  the  added  salt,  which  assumption 
is  certainly  groundless,  so  that  his  experiments  do  nothing  to  settle 
the  question  of  the  validity  of  the  solubility  principle.  Recently  the 
results  of  Goodwin 2  have  lent  indirect  support  to  the  principle ;  for 
he  shows  that  other  methods  (namely,  the  electromotive  force  and 
the  conductivity  method)  lead  to  the  same  values  of  dissociation  as 
the  application  of  the  Nernst  principle  itself.  On  account  of  the 
great  importance  of  the  applications  of  this  principle  a  direct  analytical 
proof  of  its  accuracy  is  very  desirable. 

It  was  the  aim  of  our  experiments  to  make  such  a  test  by  a 
method  which  requires  no  other  data  than  the  following :  (A)  Experi- 
mentally derived  solubility  values.  (B)  The  principles  of  solubility,3 
which  may  be  stated  as  follows  :  i.  In  a  saturated  solution  of  a  salt 
the  absolute  amount  of  the  undissociated  part  remains  constant  even 
in  the  presence  of  other  salts.  2.  The  product  of  the  masses  of  the 
ions  of  the  salt  also  remains  constant. 

So  long  as  the  effect  of  a  soluble  salt  on  the  solubility  of  a 
difficultly  soluble  one  is  investigated  some  further  assumption  is 
necessary  for  the  calculation  of  the  dissociation  of  the  latter.  If, 
however,  two  salts  are  taken  which  are  both  in  saturated  solution, 
and  the  effect  of  each  in  diminishing  the  solubility  of  the  other  is 
measured,  then  the  two  foregoing  principles  enable  us  to  calculate 
the  dissociation  of  each.  By  investigating  three  salts  in  pairs  two 
independent  check-results  may  be  obtained  on  the  dissociation  of  each 
salt,  and  the  validity  of  the  solubility  principles  may  be  judged  of 
by  the  closeness  of  their  agreement.     The  theory  of  this  method  will 


1  Zeitschrift  fiir  physikalische  Chemie,  II,  391. 

2  Zeitschrift  fiir  physikalische  Chemie,  13,  613.     3Ibid.,  9,  603. 
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be  better  understood  after  inspection  of  the  following  mathematical 
formulae.  Let  tn0  and  m0'  be  the  solubilities  of  two  salts  in  pure 
water ;  tn  and  m',  their  solubilities  when  both  salts  are  present  in 
excess ;  and  a0,  a0',  a,  and  a',  the  corresponding  values  of  their 
dissociations.  Then  as  the  expression  of  the  first  solubility  principle 
(namely,  the  undissociated  part  remains  constant)  we  have  the  follow- 
ing equations : 

«o  (l  —  "0)  =  «  (l  —  a),  (1) 

mo'  (1  —  "0')  =  m'  (1  —  a') ;  (2) 

and  as  the  expression  of  the  second  solubility  principle  (namely,  the 
product  of  the  masses  of  the  ions  remains  constant),  the  following : 

mo'ao'  =  f"  ("><*  +  rn'o1),  (3) 

m0'*a0n  =  ma'  (ma  +  m'a').  (4) 

These  four  equations  contain  only  four  unknown  quantities,  the  four 
values  of  the  dissociations,  and  can  readily  be  solved.  For  the  pur- 
pose of  comparison  it  is  necessary  to  solve  for  a0.  The  value  of 
the  dissociation  of  each  salt  may  then  be  calculated  for  its  saturated 
solution  in  pure  water,  from  the  results  of  solubility  measurements 
with  it  in  presence  of  the  other  two  salts  separately.  From  the 
closeness  of  the  agreement  of  the  three  resulting  pairs  of  checks 
the  correctness  of  the  solubility  principles  may  be  ascertained. 

It  was  first  necessary  to  find  three  suitable  salts.  Such  salts 
must  fulfil  two  conditions  :  First,  their  solubilities  must  not  be  very 
different,  else  the  influence  of  the  more  difficultly  soluble  salt  upon 
the  solubility  of  the  others  will  be  too  slight  for  accurate  determina- 
tion. Second,  there  must  be  trustworthy  methods  of  analysis  for 
the  determination  of  each  salt  alone  and  in  _he  presence  of  each  of 
the  others.  The  chloride,  sulphocyanate,  and  bromate  of  thallium 
were  found  to  satisfy  these  requirements  perfectly.  Their  solubilities 
at  the  temperature  chosen  for  these  experiments  were,  respectively, 
0.025,  0.028,  and  0.022  normal  in  round  numbers,  and  their  analysis 
presented  no  particular  difficulties.  These  three  salts  were  combined 
in  three  pairs,  and  for  each  pair  the  solubility  of  each  salt  was 
determined  in  a  solution  in  which  both  salts  were  present  in  excess. 

2.     Preparation  and  Analysis  of  the  Salts. 

The  salts  were  all  prepared  from  metallic  thallium.  The  metal 
was  dissolved  in  moderately  concentrated  sulphuric  acid,  the  solution 


5o 


Arthur  A.  Noyes  and  Charles  G.  Abbot. 


somewhat  diluted  and  filtered,  and  a  part  of  the  thallous  sulphate 
allowed  to  crystallize  out.  This  salt  was  washed  until  free  from  acid, 
and  its  solution  was  precipitated  with  potassium  bromate.  It  is  of 
the  utmost  importance  that  the  solution  should  be  neutral,  otherwise 
the  thallium  is  oxidized  at  the  expense  of  the  bromate,  so  that  an 
impure  product  results.  The  precipitated  thallous  bromate  was 
washed  thoroughly  and  then  recrystallized  from  hot  water.  The 
chloride  and  sulphocyanate  were  prepared  from  the  mother-liquor  of 
the  thallous  sulphate  by  precipitation  with  hydrochloric  acid  and  with 
potassium  sulphocyanate,  respectively.  Both  precipitates  were  washed 
thoroughly  and  afterwards  recrystallized  from  hot  water. 

The  purity  of  the  three  salts  was  established  by  test  analyses. 
This  precaution  was  especially  necessary  in  the  case  of  the  bromate, 
owing  to  the  readiness  with  which  this  salt  is  oxidized.  The  analyses 
gave  the  following  results  : 


T1C1 :  Per  cent.  CI. 

T1SCN:  Percent.  SCN. 

TIBrOj :  Per  cent.  Br. 

Calculated. 

14.80 

Found. 
14.81 

14.86 

Calculated. 
22.16 

Found. 
22.24 
22.21 

Calculated. 
24.07 

Found. 

24.11 
24.10 

3.     The  Methods  of  Procedure. 

Bottles  of  about  1 50  cc.  capacity  were  nearly  filled  with  water,  and 
an  excess  (about  2  grams)  of  the  salt  or  salts  to  be  investigated  was 
added.  In  order  to  approach  the  condition  of  saturation  from  each 
side  cold  water  and  hot  water  were  used  alternately  in  the  preparation 
of  successive  solutions.  The  bath,  with  rotating  apparatus,  in  which 
the  solutions  were  brought  to  the  condition  of  saturation,  has  already 
been  described.1  The  solubilities  of  the  three  salts  used  in  this 
investigation  are  such  that  400  C.  (39. 750  corrected)  was  chosen  as  a 
suitable  temperature  for  the  experiments ;  and  the  bath  was  main- 
tained within  0.030  C.  of  that  temperature  by  means  of  an  Ostwald 
regulator.  The  solutions  were  rotated  in  the  bath  from  three  to  four 
hours,  and  were  then  allowed  to  settle.  After  they  became  quite  clear 
100  cc.   portions  (measured  at  400)  were  blown  out   into  graduated 
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flasks  by  means  of  a  wash-bottle  arrangement ;  and  these  portions 
were  analyzed  by  the  methods  to  be  now  described : 

All  the  analyses  were  made  in  the  gravimetric  way,  with  Gooch 
crucibles.  In  experiments  where  chloride  or  sulphocyanate  was  alone 
present  the  corresponding  silver  salt  was  precipitated  by  the  addition 
of  an  excess  of  silver  nitrate  to  the  hot  neutral  solution.  The  same 
process  served  for  the  determination  of  the  sum  of  the  chloride  and 
sulphocyanate  when  both  were  present  together,  and  also  for  the 
determination  of  chloride  or  sulphocyanate  in  the  presence  of  bro- 
mate.  In  these  two  latter  cases,  however,  it  was  very  important  that 
the  solution  should  be  hot  and  dilute  before  the  addition  of  silver 
nitrate,  otherwise  silver  bromate  was  precipitated  at  the  same  time  with 
the  other  silver  salt.  We  determined  the  solubility  of  the  bromate  in 
pure  water  by  the  addition,  in  succession,  of  an  excess  of  sulphurous 
acid,  about  20  cc.  nitric  acid  (1.20  sp.  gr.),  and  an  excess  of  silver 
nitrate  to  the  hot  and  dilute  solution.  In  the  presence  of  the  other  salts 
the  bromate  was  determined  in  the  filtrate  after  precipitation  of  the 
chloride  or  sulphocyanate  by  the  addition  first  of  nitric  acid  and  then  of 
an  excess  of  sulphurous  acid  and  of  silver  nitrate  to  the  hot  solution. 
The  most  difficult  analytical  problem  was  to  determine  the  chloride 
in  the  presence  of  sulphocyanate.  After  testing  with  unfavorable 
results  several  processes  which  depended  on  the  oxidation  of  the 
sulphocyanate  to  sulphate,  and  precipitation  of  the  latter  with  barium 
salts,  we  had  recourse  to  a  method  for  separation  of  chloride  and 
sulphocyanate  based  on  the  different  solubility  of  their  cuprous 
compounds.  This  process  was  proposed  by  Diehl  *,  and  is  carried 
out  by  the  addition  of  sulphurous  acid  and  copper  sulphate  to  the 
solution  containing  the  chloride  and  sulphocyanate.  The  cuprous 
sulphocyanate  is  then  filtered  off,  leaving  the  chloride  in  solution. 
Diehl  determined  the  chloride  volumetrically  in  the  filtrate.  We 
thought  it  necessary  to  test  the  accuracy  of  this  separation.  For 
this  purpose  portions  of  potassium  or  thallium  chloride,  containing 
about  the  same  amount  of  chlorine  as  the  solutions  afterwards  to  be 
analyzed,  were  accurately  weighed  out,  and  a  corresponding  quantity 
of  thallium  sulphocyanate  was  added.  The  salts  were  then  dissolved 
in  hot  water,  and  to  the  hot  solution  an  excess  of  sulphurous  acid 
was  added,  and  immediately  followed  by  an  excess  of  copper  sulphate 
solution.      The  mixture  was  allowed  to  stand  over   night,  and   the 
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cuprous  sulphocyanate  was  filtered  off  on  a  Gooch  crucible  and  washed 
with  sulphurous  acid.  The  filtrate  was  treated  with  a  considerable 
quantity  of  nitric  acid,  and  then  the  chloride  was  precipitated  by  the 
addition  of  silver  nitrate.  The  results  of  these  proof  analyses  are 
given  in  the  following  table : 


Salt  Taken. 

AgCl  Obtained. 

AgCl  Calculated. 

Per  Cent.  Difference. 

0.1707  KC1. 

0.3289 

0.3280 

+  0.27 

0.1688  KC1. 

0.3233 

0.3245 

—  0.37 

0.5282  T1C1. 

0.3172 

0.3161 

-f  0.35 

06218  T1C1. 

0.3720 

0.3722 

—  0.05 

0.5453  T1C1. 

0.3263 

0.3263 

0.00 

0.5525  T1C1. 

0.3303 

0.3307 

—  0.12 

0.6099  TIC1. 

0.3633 

0.3651 

—  0.49 

The  small  deviations  are  partly  negative,   partly  positive.      The 
method,  therefore,  is  shown  to  be  of  sufficient  accuracy. 

4.     The  Experimental  Results. 
The  experimental  data  of  the  solubility  experiments  are  set  forth 
in  the  following  tables.     The  temperature  was   39. 750   in  all   cases. 


T1C1  in  Pure  Water. 

TIBrOj  in  Pure  Water. 

Experiment 
Number. 

Weight  of  AgCl  from  too  cc.  of 
Solution. 

Experiment 

Number. 

Weight  of  AgBr  from  ioo  cc.  of 
Solution. 

1 

0.3617 

1 

0.4158 

2 

0.3619  s 

2 

0.4169  / 

3 

0.3605  s 

3 

0.4183  s 

4 

0.3602 

4 

0.4141 

5 

0.3631 

5 

0.4158 

6 

0.3633  s 

6 

0.4175  s 

Mean. 

0.3618  ±  0.00040 ' 

Mean. 

0.4164  ±  0.00048 

Mol.  per  liter 

0.02523  ±  0.000028 

Mol.  per  liter 

0.02216  ±  0.000025 

1  The  quantities  following  the  i  signs  are  not  the  so-called  probable  errors,  but  the  average  deviations  of  the 

Sri 
mean,  as  calculated  from  the  expression         ^Zt  where  2r5  is  the  arithmetical  sum  of  the  separate  deviations 

n  ^  n 
and  n  is  the  number  of  measurements. 
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Experiment 
Number. 

Weight  of  AgSCN  from  100  cc 
of  Solution. 

Experiment 
Number. 

Weight  of  AgSCN  from  ioo  cc. 
of   Solution. 

1 

0.4595 

7 

0.4639  s 

2 

0.4610  s 

8 

0.4733  s ' 

3 

0.4579 

9 

0.4592 

4 

0.4634  s 

10 

0.4567 

5 

0.4587  s 

11 

0.4665  s 

6 

0.4560 

Mean 

0.4603  ±  0.00087 

Mol.  per  liter 

0.02773  ±  0.000053 

1  Omitted  in  the  calculation  of  the  mean. 


T1C1  and  TlBrO$  in  Presence  of  Each  Other. 


Experiment  Number. 

Weight 

of  AgCl  from  ioo  cc.  of  Solution. 

Weight  of  AgBr  from  ioo  cc.  of  Solution. 

l 

02760* 

tt  2938 

2 

0.2795  s 

0.2951  x 

3 

0.2789 

0.2935 

4 

0.2811  / 

0.2942  / 

5 

0.2794 

02952 

6 

0.2802  / 

0.2951  s 

Mean 

0.2798  ±  0.00030 

0.2945  ±  0.00028 

Mol.  per  liter 

0.01952  ±  0.000021 

0.01567  ±  0.000015 

1  Omitted  in  the  calculation  o(  the  mean. 
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T1SCN  and  TIBrOs  in  Presence  of  Each  Other. 


Experiment  Number. 

Weight  of  AgSCN  from  ioocc.  of  Solution. 

Weight  of  AgBr  from  ioo  cc.  of  Solution. 

1 

0.3672 

0.2825 

2 

0.3666 

0.2789 

3 

0.3680 

0.2876 ' 

4 

0.3679  i 

0.2807  s 

5 

0.3665 

0.280+ 

6 

0.3657  i 

0.2799  s 

7 

0.3670  s 

0.2825  s 

8 

0.3673  s 

0.2815  s 

9 

0.3663 

0.2807 

10 

0.3668  I 

0.2834  s 

11 

0  3633 ' 

0.2806 

Mean 

0.3669  ±  0.00017 

0.2811  ±  0.00035 

Mol.  per  liter 

0.02210  ±  0.000010 

0.01496  ±  0.000018 

1  Omitted  in  the  calculation  of  the  mean. 


T1C1  and  T1SCN  in  Presence  of  Each  Other. 


Experiment 
Number. 

Weight  AgCl  ■+-  AgSCN  from 
ioo  cc.  of  Solution. 

Experiment 
Number. 

Weight  of  AgCl  from  ioo  cc.  of 
Solution. 

i 

2 
3 
4 

0.6180  s 

0.6134  s 

0.6127  s 

0.6185 

0.6172  s 

0.6131 

0.6150  s 

0.6158 

0.6200  s 

0.6160  ±  0.00073 

i 

2 

3 

4 

Mean 

0.2593  s 

0.2593 

0.2591 

0.2590 

0.2592  ±  0.00006 

5 
6 

Mol.  per  liter 

0.01807  ±  0.000004 

7 

Calculated  Weight  AgSCN  from 
ioo  cc.  of  Solution. 

8 
9 

Mean 

0.3568  ±  0.00073 

Mean 

Mol.  per  liter 

0.02149  ±  0.000044 
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In  the  preceding  tables  those  experiments  in  which  the  condition 
of  saturation  was  reached  by  cooling  a  solution  saturated  at  a  higher 
temperature  are  designated  by  a  small  letter  s.  Although  these  values 
are,  in  comparison  with  the  others,  as  a  rule  somewhat  higher  (in 
general  one  to  four  tenths  per  cent.)  with  all  the  salts  and  pairs  of 
salts,  yet  in  only  one  case  —  that  of  the  sulphocyanate  in  pure  water 
—  is  the  deviation  considerable.  In  this  case  the  difference  between 
the  mean  values  for  the  supersaturated  and  undersaturated  solutions 
is  a  whole  per  cent.  In  consequence  of  the  difficulty  of  preparing 
saturated  solutions  of  this  salt,  owing  to  the  tendency  of  the  salt  to 
separate  in  large  crystals  on  cooling  its  solution,  the  general  mean 
has  an  average  deviation  of  about  two  tenths  per  cent.  ;  while  in  all 
the  other  series  this  quantity  does  not  much  exceed  one  tenth  per  cent. 

In  conclusion,  the  final  solubility  values  and  the  corresponding 
diminutions  of  solubility  (which  are  important  in  the  succeeding 
calculations)  are  summarized  in  the  following  table : 

SUMMARY  OF  THE   SOLUBILITY  VALUES. 


Solubility. 

In  pure  water 

In  presence  of  TlBrOj    .     . 
Diminution 

Solubility. 

In  pure  water 

In  presence  of  T1SCN    .    . 
Diminution 

Solubility. 

In  pure  water 

In  presence  of  T1CI    .    .    . 
Diminution 


Of  TICl. 


Of  T1SCN. 


0.02523  ±  0.0«28 
0.01952  ±  0.0421 
0.00571  ±  0.0«35 


0.02773  ±  00*53 
0.02210  ±  0.0,10 
0.00563  ±  0.0454 


Of  no. 


Of  TIBrO,. 


0.02523  ±  0.0«28 
0.01807  ±  0.0«04 
0.00716  ±  0.0428 


0.02216  ±  0.0425 
0.01496  ±  O.O4I8 
0.00720  ±  0.0*31 


Of  T1SCN. 


Of  TIBrO,. 


0.02773  ±  0.0453 
0.02149  ±  0.0«44 
0.00624  ±  0.0469 


0.02216  ±  0.0425 
0.01567  ±  0.0415 
000649  ±   0.0429 


56  Arthur  A.   Noyes  and  Charles  G.   Abbot. 

5.     Calculation  of  the  Dissociation. 

We  will  now  calculate  from  these  numbers  the  degree  of  dissocia- 
tion (rt0)  of  each  of  the  three  salts  in  its  saturated  solution  in  pure 
water.  In  this  calculation  we  make  use  of  the  four  equations  which 
have  been  given  in  the  first  part  of  this  article  as  the  expression  of 
the  solubility  principles.     For  the  sake  of  brevity,  let 

mo  —  m  =  d, 

and 

mo'  —  ">'  =  <&• 

When  a0  is  eliminated  between  formulae  (1)  and  (3),  and  aQ'  between 
formulas  (2)  and  (4),  there  result  two  equations  which  may  be  solved 
for  a  with  elimination  of  a'.  Through  substitution  of  this  expression 
for  a  in  equation  (1)  we  arrive  at  the  following  expression  for  a0  : 


00 


=  J.  \d  +  w  +  **  -  *  +  J  ddl  +  /w  +  *>*  -  *f\ 

'»o|_  4./  >  V  4rf  >  \ 


We  may  also  obtain  a  symmetrical  expression  for  a0'. 

Calculation  of  the  dissociation  according  to  these  formulae  gives 
the  following  results.  Each  value  of  the  dissociation  is  accompanied 
by  its  precision  measure,  derived  from  the  average  deviations  of  the 
corresponding  solubility  values : 

lOOoo  for  T1C1  from  the  TISCN  experiments :  86.5  ±  0.7. 
lOOao  for  T1C1  from  the  TIBrOs  experiments:  86.5  ±  0.4. 

lOOao  for  TISCN  from  the  T1C1  experiments:  86.7  ±  0.4. 
lOOflo  for  TISCN  from  the  TIBrO,  experiments :  S6.6  ±  0.4. 

100*0  for  TIBrO,  from  the  T1C1  experiments:  89.9  ±  0.4. 
lOOflo  for  TIBrOj  from  the  TISCN  experiments:  91.1  ±  0.7. 

From  these  results  we  get  the  following  as  the  most  probable 
values  of  the  dissociations : 

For  T1C1,  86.5  ±  0.3. 
For  TISCN,  86  6  ±  0.3. 
For    TIBrOs,    90.2  ±  0.4. 


A  Comparison  of  Dissociation   Values.  57 

6.     The  Validity  of  the  Solubility  Principles. 

Of  much  greater  interest  than  the  dissociation  values  themselves 
is  the  agreement  of  the  results  of  the  independent  experiments  of  each 
pair.  The  agreement  is,  by  chance,  exact  for  the  first  two  pairs,  and 
for  the  last  pair  it  falls  within  the  limits  of  experimental  error.  The 
conclusion  is  therefore  justified  that  the  solubility  principles  are  exact. 

Let  us  examine  more  closely  the  grounds  for  this  conclusion.  The 
validity  of  the  two  solubility  principles  is  assumed  in  the  calculation 
of  the  dissociation  values.  The  calculated  values  (a0,  a0',  a,  and  a') 
are  therefore,  by  definition,  those  values  of  the  dissociation  which 
must  hold  if  the  solubility  principles  are  correct.  It  cannot,  of  course, 
be  determined  from  a  single  experiment  whether  these  values  are  the 
true  dissociation  values ;  but  we  have  shown  that  the  same  values  of 
dissociation  which  satisfy  the  solubility  principles  in  one  case  are, 
in  so  far  as  they  are  comparable,  identical  with  those  which  satisfy 
these  conditions  in  another  independent  case  —  a  case  in  which  the 
added  salt  is  chemically  different  and  of  different  solubility.  The 
results  of  three  such  comparisons  prove  the  correctness  of  the 
assumptions  involved. 

The  proof  can  also  be  presented  somewhat  differently  as  follows  : 

The  agreement  of  the  a0  values  calculated  for  a  salt  from  experi- 
ments with  it  in  presence  of  two  others  makes  the  two  quantities 
w02«02  in  the  two  equations  corresponding  to  formula  (3)  identical. 
But  by  formula  (3)  the  identity  of  the  two  products  m02a02  requires 
the  equality  of  the  two  expressions  ma  [ma  -f-  m'a"\  and  mxax 
[)«,<?,  -p-  m"a"\,  thus  involving  the  validity  of  the  second  solubility 
principle.  The  first  principle  follows  in  a  similar  way,  for  the 
agreement  of  the  a0  values  requires  the  identity  of  the  quantities 
m0  (1  —  a0),  and  hence  the  equality  of  the  products  m  (1  —  a)  and 

With  this  proof  of  the  validity  of  the  solubility  principles  with 
three  salts,  and  up  to  a  total  concentration  of  about  0.04  normal, 
the  original  purpose  of  this  investigation  was  accomplished.  There 
naturally  arose,  however,  a  question  of  perhaps  even  greater  impor- 
tance, an  investigation  of  which  could  not  be  omitted,  namely,  the 
question  of  the  trustworthiness  of  the  dissociation  values  obtained 
by  the  electrical  conductivity  method.  The  possibility  of  checking 
the  values  of  dissociation  by  means  of  wholly  independent  series  of 
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experiments  is  a  peculiarity  of  the  solubility  method.  For  each  of  the 
physical  methods,  as  conductivity,  freezing  point,  gives  only  a  single 
dissociation  value,  whose  correctness  can  only  be  estimated  by  its 
agreement  with  the  results  of  other  methods.  Since  the  dissociations 
of  the  three  thallium  salts  have  been  obtained  from  two  independent 
agreeing  series  of  experiments  by  the  solubility  method,  they  are 
almost  certainly  correct,  and  the  accuracy  of  values  obtained  by  other 
methods  may  be  tested  by  a  comparison  with  these.  We  have  there- 
fore measured  the  conductivities  of  the  three  salts  and  calculated  their 
dissociations. 


7.     The  Electrical  Conductivity  of  the  Salts  and  the  Values 
of  the  Dissociation  Calculated  Therefrom. 

In  order  to  obtain  comparable  values  of  the  dissociation  by  the 
electrical  conductivity  method  the  molecular  conductivity  of  the  three 
salts  has  been  measured  at  39.75°,  both  in  saturated  solution  and 
in  dilute  solutions  y^Vo  and  yg^y  normal.  The  limiting  value  of  the 
molecular  conductivity  is  not,  however,  reached  at  the  latter  dilutions ; 
but  on  account  of  the  impurities  of  the  water  accurate  measurements 
at  extreme  dilution  is  attended  with  great  difficulty,  and  Kohlrausch 
is  the  only  investigator  who  has  carried  out  such  measurements. 
However,  his  experiments  show  that  the  increase  of  the  molecular 
conductivity  between  a  dilution  of  1,000  liters,  for  example,  and 
extreme  dilution  is  in  the  first  place  small  (about  2  per  cent.), 
and  in  the  second  place  nearly  constant  for  all  binary  salts.  An 
extrapolation  cannot,  therefore,  introduce  a  considerable  error. 

The  complete  formula  for  the  calculation  of  the  dissociation  is, 
therefore : 

_  m0  (?,OT0  _  xu)  =  ?mo 

"°  -  Kv    (X,-  k.)         A>„  (5) 

in  which  m0  and  a0  have  the  same  significance  as  heretofore,  v  is  the 
great  dilution  from  which  extrapolation  is  made  (1,000  and  1,667  liters), 
Xmo  and  X„  are  the  corresponding  specific  conductivities  in  Siemens 
units,  X(j  is  the  specific  conductivity  of  the  water,  fimo  and  pv  are  the 
molecular  conductivities,  and  K  is  the  constant  by  which  extrapolation 
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is  made.  To  determine  the  value  of  this  constant  all  the  experiments 
of  Kohlrausch 1  with  binary  salts,  ten  in  number,  were  examined. 
Three  of  these  salts  were  omitted  in  the  calculation  of  the  mean  for 
the  following  reasons  :  Potassium  acetate  because  it  is  an  organic  salt, 
and  potassium  chlorate  and  lithium  chloride  because  the  results  are 
abnormal,  in  that  a  maximum  value  is  not  reached  even  at  the  dilution 
of  100,000  liters.  From  the  seven  remaining  series  the  mean  value 
of  K  for  extrapolation  from  1,000  liters  is  1.0175;  and  from  1,667 
liters,  1. 0125.  The  average  deviation  of  the  first  value  is  0.0015,  and 
of  the  second,  0.00 10. 

The  conductivity  measurements  were  carried  out  according  -to  the 
method  of  Kohlrausch  in  a  resistance  cell  of  the  form  devised  by 
Arrhenius.  The  solutions,  both  the  saturated  and  the  dilute,  were 
prepared  by  weighing  out  the  salts  and  dissolving  in  the  requisite 
quantity  of  water.  As  in  the  solubility  experiments,  the  molecular  con- 
centration of  the  solutions  is  referred  to  that  quantity  of  water  which 
at  39.750  has  the  volume  of  one  liter.  The  conductivity  of  the  water 
used  was  measured  for  each  solution.  At  40°  it  was  1.7  to  2.4  X  io-10 
times  that  of  mercury.  In  order  to  check  the  results  as  far  as  possi- 
ble, the  different  solutions  were  each  three  times  freshly  prepared,  and 
two  portions  from  each  solution  were  measured  with  varying  resistances. 

The  three  following  tables  contain  the  values  resulting  from  these 
measurements.  The  numbers  show  the  molecular  conductivity  of  the 
salts  in  mercury  units  at  the  three  concentrations,  m0,  -j^g-ff'  and  j^$j, 
at  the  temperature  39.75°  : 

Conductivity  of  T1C1.    (m0  =  0.02523.) 


<">»o 

''lOOO 

^l««7 

First  solution  .... 

157.8 

178.9 

180.5 

Second  solution   .    .    . 

15S.2 

179.4 

180.5 

Third  solution      .    .     . 

158.2 
158.1 

179.7 
179.3 

180.5  ' 

Average  deviation    .     . 

0.10 

0.18 

0.00 

1  Wiedermann's  Annalen,  26,  195. 
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Conductivity  of  TISCN.     (m0  =  0.02773.) 


ft*o 

''lOOO 

^1M7 

First  solution  .... 

145.9 

166.9 

168.0 

Second  solution   .    .    . 

145.3 

i67.2 

167.3 

145.3 
145.5 

167.1 
167.1 

167.7 

Average  deviation    .     . 

0.16 

0.06 

0.25 

Conductivity  of  TIBrOj.     (m0  =  0.02216.) 


ftN 

''lOOO 

^1667 

First  solution  .... 

141.3 

155.5 

156.3 

Second  solution   .     .    . 

140.6 

155.4 

156.5 

140.5 
140.8 

155.4 
155.4 

156.4 

Average  deviation    .    . 

0.19 

0.02 

0.07 

By  extrapolation  by  means  of  the  constant  K  two  closely  agreeing 
values  for  fi^  were  obtained,  from  the  mean  of  which  the  dissocia- 
tion (a0)  of  the  salts  was  calculated  : 


Dissociation  of  the  Salts. 


Salt. 

Poo    from  fil(m 

ft»    from  f1M7 

/*00  '    Mean. 

Dissociation1. 

TlCl     .... 
TISCN      . 
TIBrOa     .     .     . 

182.4 
170.0 
158.1 

182.8 
169.8 
158.3 

182.6 
169.9 
158.2 

86.6  ±  0.1 
85.6  ±  0.1 
89.0  ±  0.1 

1  The  average  deviations  of  these  values  are  not  calculated  separately  for  each  salt,  on  account  of  the  small 
number  of  measurements,  but  are  taken  as  equal  for  all  the  salts,  and  are  calculated  from  the  means  of  the  average 
deviations  of  all  the  conductivity  measurements  on  the  salts  at  each  dilution. 


8.     The  Agreement  of  the  Dissociation   Values  Obtained  by 

the  Two  Methods. 

It  remains  only  to  compare  the  dissociation  values  obtained  by 
means  of   the  solubility  measurements  with  those   obtained   by  the 
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conductivity    method.       For    this    purpose    the    results    of    the    two 
methods  are  placed  in  parallel  columns  in  the  following  table : 


Salt. 

Dissociation  from  Solubility  Effect. 

Dissociation  from  Electrical  Conductivity. 

TICl 

TISCN      .... 
TIBrO,      .... 

86.5  ±  0.3 

86.6  ±0.3 
90.2  ±  0.4 

86.6  ±  0.1 
85.6  ±  0.1 
89.0  ±  0.1 

The  agreement  between  the  values  is  for  the  first  salt  complete, 
and  the  difference  in  the  case  of  the  two  latter  is  within  the  possible 
error  of  experiment ;  for  though  the  difference  is  a  little  greater  than 
appears  probable  from  an  inspection  of  the  average  deviations,  yet 
it  must  be  remembered  that  these  are  only  a  measure  of  the  variable 
error  and  that  they  show  nothing  concerning  any  constant  errors 
in  the  method,  as,  for  example,  the  possibility  that  the  extrapolation 
constant  for  thallium  salts  may  be  somewhat  different  from  that  for 
the  salts  investigated  by  Kohlrausch. 

It  is  therefore  proved  by  our  experiments  that  the  solubility  and 
conductivity  methods  for  the  dctcrmhmtion  of  dissociation  lead  to  the 
same  results.  It  is,  however,  important  to  state  explicitly  within  what 
limits  and  under  what  conditions  this  proof  applies.  The  preceding 
statement  has  been  shown  to  hold  true  for  three  salts  of  very  different 
chemical  nature  and  of  somewhat  different  solubility  and  dissociation. 
It  seems,  therefore,  probable  that  it  holds  for  all  binary  salts  up 
to  the  investigated  concentration.  It  is,  however,  to  be  remarked 
that  the  concentration  of  our  solutions  did  not  exceed  0.03  normal. 
An  extension  of  the  principle  to  solutions  of  much  greater  concentra- 
tion is,  for  the  present,  unwarranted.  Finally,  it  may  be  stated  that 
the  numerical  limit  to  which  we  have  proved  the  accuracy  of  our 
conclusion  is  about   1   per  cent. 

9.  Conclusion. 
The  results  of  this  investigation  may  be  summed  up  as  follows : 
With  three  salts  having  solubilities  varying  from  0.022  to  0.028 
normal,  it  has  been  proved,  first,  that  the  two  principles  of  solubility 
effect  are  valid ;  and,  second,  that  the  values  of  dissociation  obtained 
through  the  electrical  conductivity  agree  with  those  calculated  from 
solubilty  measurements. 
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Through  this  confirmation  of  the  correctness  of  the  values  of 
dissociation  obtained  by  the  conductivity  method,  it  is  shown  conclu- 
sively that  the  law  of  mass  action  cannot  be  applied  to  determine  the 
change  of  dissociation  with  the  dilution ;  for  the  explanation  previ- 
ously possible,  that  the  disagreement  of  the  observed  values  with  those 
required  by  this  law  is  caused  by  the  incorrectness  of  the  dissociation 
values  obtained  by  the  conductivity  method,  has  been  shown  to  be 
untenable.  The  law  as  applied  to  the  dissociation  of  salts  must, 
therefore,  be  modified  as  follows :  The  product  of  the  concentrations 
of  the  ions  at  different  concentrations  of  the  solution  is  not  in 
a  constant  ratio  to  the  concentration  of  the  undissociated  salt.  But, 
corresponding  to  any  given  concentration  of  undissociated  salt,  the 
product  of  the  concentrations  of  the  ions  has  a  constant  value,  which 
is  altogether  independent  of  the  relative  concentrations  of  the  separate 
ions. 

Finally,  it  may  be  remarked  that  further  solubility  experiments  of 
a  similar  nature  would  be  of  interest  to  decide  the  question  up  to 
what  concentration  the  solubility  principles  and  the  dissociation  values 
obtained  by  the  conductivity  method  are  trustworthy.  Since  the 
dissociation  values  have  been  already  obtained  for  three  salts  by  our 
experiments,  such  an  investigation  is  rendered  much  less  arduous. 
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FURTHER    EXPERIMENTS    FOR    DETERMINING    THE 
FUSIBILITY  OF  FIRE-CLAYS.1 

By  H.  O.  HOFMAN. 

Received  March  11,  1895. 

A  previous  paper2  has  described  the  experiments  made  by  Mr. 
C.  D.  Demond  and  the  present  writer  to  ascertain  by  an  indirect 
method  the  refractory  values  of  clays.  Fire-clays  were  mixed  with 
varying  proportions  of  calcium  carbonate  and  calcium  carbonate  and 
silica  to  render  them  fusible  at  temperatures  below  the  melting  point 
of  platinum  and  common  brick-clays,  with  alumina  and  silica  to  de- 
crease their  fusibility  ;  the  object  being  to  arrive  at  a  standard  temper- 
ature at  which  fire-clays  as  well  as  common  brick-clays  could  be  tested ; 
the  amount  of  ingredient  required  by  each  clay  for  fusion  being  the 
measure  of  its  refractoriness.  The  behavior  of  the  samples  in  the  fire 
gave  such  a  satisfactory  series,  both  in  the  descending  scale  with  fire- 
clay and  the  ascending  scale  with  common  brick-clay,  that  it  seemed 
an  easy  matter  to  assume  a  standard  temperature  1 5000  C,  and  to  add 
fluxing  or  refractory  substances  to  the  clays  until  they  melted  at  this 
temperature.  This  was  found,  however,  to  be  very  difficult.  Samples 
of  Mount  Savage  clay,  with  from  40  to  65  per  cent,  of  calcium  carbon- 
ate and  mixtures  of  calcium  carbonate  and  silica,  showed  very  plainly 
the  -effect  of  the  successive  additions  ;  but  there  was  only  a  gradual 
transition,  instead  of  the  complete  change  which  had  been  anticipated, 
the  most  refractory  cone  remaining  erect,  or  nearly  so,  the  next  bend- 
ing slightly,  and  so  on  by  degrees,  until  in  the  last  of  the  series  the 
apex  touched  the  base.  It  is  possible  to  arrive  at  somewhat  satisfac- 
tory results  by  assuming  the  behavior  of  a  certain  cone  within  a  given 
time  as  a  standard  and  working  out  from  this ;  but  such  a  method  be- 


1  Read  at  the  Florida  Meeting  of  the  American  Institute  of  Mining  Engineers. 
'Technology  Quarterly,  6.  301. 
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comes  necessarily  individual  and  can  scarcely  be  made  applicable  for 
general  use. 

Seger's    Direct   Method. 

The  direct  method  of  testing  is  to  place  a  sample  of  clay,  with 
accepted  standards  for  comparison,  in  a  crucible,  and  expose  them  in 
a  suitable  furnace  to  different  temperatures  until  the  sample  shows 
the  same  degree  of  fusion  as  one  of  the  standards.  The  seven  clays 
of  Bischof,1  which  formed  the  standards  for  a  number  of  years,  not 
being  any  longer  obtainable  (the  character  of  the  deposits  having 
changed),  Seger  prepared  graded  mixtures  of  potash,  lime,  alumina, 
and  silica  to  take  the  place  of  the  Bischof  clays. 

The  following  is  a  description  of  the  experiments  carried  out  in 
the  metallurgical  laboratory  of  the  Massachusetts  Institute  of  Tech- 
nology with  some  of  the  leading  fire-clays  of  this  country  according 
to  Seger's  method.2  Acknowledgments  are  due  to  Mr.  G.  H.  Ander- 
son, S.B.,  and  to  Mr.  R.  Loring,  S.B.,  for  their  careful  and  patient 
work,  which  made  it  possible  to  carry  to  a  successful  end  the  large 
number  of  experiments  necessary.  The  apparatus,  etc.,  was  all  im- 
ported from  the  Chemisches  Laboratorium  fiir  Thonindustrie,  at  Berlin, 
to  insure  accuracy  in  the  work. 

1.  The  Furnace.  — -The  furnace  used  was  the  Deville  furnace,  rep- 
resented in  Figures  1,  2,  and  3.  This  is  a  small  cylindrical  furnace, 
a,  of  \  inch  sheet  iron,  lined  with  refractory  material.  It  is  open  at 
the  top  and  closed  near  the  bottom  by  a  cast-iron  plate,  b,  having  a 
large  central  opening  surrounded  by  three  rows  of  small  perforations. 
Below  this  is  the  air  chamber,  c,  with  blast  inlet  pipe,  d.  The  furnace 
rests  upon  the  iron  plate,  c,  which  has  an  upturned  edge  and  three  legs, 
which  are  riveted  to  it.  The  place  where  furnace  and  plate  meet  is 
luted  with  a  sandy,  non-shrinking  clay.  The  furnace  is  lined  for  the 
first  5|  inches  with  Spaeter's  sintered  magnesite  from  Veitsch,  Styria, 
the  rest  of  the  lining  being  a  mixture  of  90  per  cent,  magnesite  and 
10  per  cent.  Zettlitz  kaolin.  The  composition  of  the  two  refractories 
is  shown  by  the  following  analyses. 


'  Technology  Quarterly,  6,  304,  305. 
3Thonindustrie-Zeitung,  1893,  1281. 
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TABLE    I. 
Analyses  of  Refractory 

Materials. 

AljOs.            SiO,. 

MgO. 

CaO. 

K,0. 

Fe,Os. 

Chemist. 

Sintered  magnesite  '  .     . 
Zettlitz  kaolin 2 .     .     .     . 

0.86 
38.54 

2.35 
45.68 

SS.22 
0.38 

0.87 
0.08 

0.66 

7.07 
0.90 

Winkler. 
Bischof. 

After  carrying  out  about  sixty  fusions  the  lower  part  of  the  lining 
began  to  be  affected.  This  was  probably  caused  by  the  ash  of  the 
charcoal  and  gas  carbon.  The  slag  spread  somewhat  over  the  small 
perforations  in  the  grate  and  had  to  be  pried  off.  Some  of  the  un- 
altered lining  adhered  to  the  slag  and  broke  off,  thus  enlarging  the 
cylinder  and  making  it  require  more  fuel.  The  furnace  lining  cannot 
well  be  patched,  and  so  it  must  be  renewed.  For  this  purpose  the 
lining  is  broken  out,  crushed  to  pass  a  4-mesh  sieve  (the  scorified  part 
being  also  used),  moistened  with  from  8  to  10  per  cent,  of  hot  water, 
covered  and  kept  in  a  sheltered  place  for  from  two  to  three  days  that 
the  water  may  be  thoroughly  absorbed.  The  hydration  of  magnesia 
causes  the  mass  to  harden  slightly,  when  it  is  crushed  again,  if  neces- 
sary, and  moistened  with  sufficient  water  to  make  it  cohere  into  a  lump 
when  squeezed  in  the  hand,  but  not  to  wet  the  hand.  The  core  around 
which  the  lining  is  to  be  tamped  is  a  wooden  truncated  cone,  17J 
inches  high  and  3^  and  4  inches  in  diameter,  having  a  spindle  i£ 
inches  in  diameter  at  the  smaller  end,  which  fits  into  the  central  open- 
ing of  the  cast-iron  grate.  It  is  enveloped  in  five  layers  of  newspaper, 
the  last  one  being  fastened  with  mucilage  to  prevent  its  unrolling. 
When  the  core  is  in  place  the  lining  is  filled  in  in  layers  about  2  inches 
thick,  rammed  down  with  a  stick,  say  f  inch  in  diameter,  new  magne- 
site, prepared  in  the  same  way  as  the  old,  being  used  against  the  core, 
old  magnesite  against  the  iron  shell  for  a  depth  of  6  inches,  after 
which  the  old  is  exclusively  used,  the  top  layer  being  tamped  so  as  to 
rise  toward  the  core  and  pounded  down  firmly  with  an  iron  mallet  or 
hammer.  The  furnace  is  now  laid  on  its  side,  and  the  core,  loosened 
by  gently  tapping  the  spindle,  is  drawn  out.  Most  of  the  paper  will 
adhere  to  the  lining,  to  be  burnt  out  later  on.  It  is  necessary  to  re- 
move the  core  as  soon  as  the  tamping  is  finished,  as  it  is  liable  to 


1  Circular  of  the  Pittsburg  Testing  Laboratorj\ 

2  Technology  Quarterly,  6,  304. 
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swell,  thus  causing  difficulty  in  getting  it  out  and  loosening  the  lining. 
Should  this  happen,  it  is  best  to  take  it  all  out  and  reline  the  furnace 
at  once,  instead  of  having  to  do  it  a  little  later.  The  furnace  is  now 
placed  on  two  bricks  and  air-dried  for  from  five  to  six  days,  and  the 
remaining  moisture  is  finally  driven  off  by  keeping  a  wood  fire  going 
in  it  for  two  days,  no  firing  being  necessary  during  the  intervening 
night. 

In  experimenting  with  the  furnace,  one  improvement  in  the  con- 
struction suggested  itself.  After  an  experiment  the  gas  carbon  sur- 
rounding the  support  and  part  of  the  crucible  is  discharged  through 
the  central  opening  in  the  grate  into  the  air  chamber,  to  clear  which 
the  furnace  has  to  be  lifted,  which  necessitates  fresh  luting.  This 
might  be  avoided  by  having  an  opening  with  collar  in  the  supporting 
plate,  to  be  closed  by  a  hinged  door  and  fastened  with  a  tightening 
screw,  an  asbestos  packing  in  the  mortise  of  the  door  serving  to  make 
the  joint  air-tight. 

The  top  of  the  furnace  is  uncovered.  To  draw  off  the  gases, 
ashes,  and  particles  of  finely  divided  fuel  into  the  flue,  a  piece  of  sheet 
iron  with  peephole  was  suspended  in  an  inclined  position  over  the  fur- 
nace. In  this  way  it  was  an  easy  matter  to  watch  the  surface  of  the 
charge,  remove  the  crucible  as  soon  as  it  became  visible,  and  clean 
the  furnace  when  an  experiment  was  completed. 

2.  The  Crucible  and  its  Support.  —  The  crucible,  f,  in  which  the 
clay  and  standard  cones  are  placed  to  be  brought  to  the  intense  heat 
necessary  for  fusion,  consists  of  equal  parts  of  calcined  alumina  and 
Zettlitz  kaolin  mixed  with  sufficient  raw  kaolin  to  permit  the  whole  to 
be  properly  moulded.  It  is  so  infusible  that  the  most  refractory  clay, 
the  Rakonitz  clay-slate  of  Saarau,  Silesia,  can  be  melted  down  in  .it 
without  its  being  appreciably  injured  by  the  high  temperature.  The 
lid  is  of  the  same  material  as  the  crucible.  The  crucible  formerly 
used,1  consisting  of  a  mixture  of  calcined  magnesite  and  chromite 
moistened  with  magnesium  chloride  and  poured  with  alumina,  has 
been  given  up,  since  the  lining,  as  well  as  the  chromic  oxide,  some- 
what affected  the  samples  that  were  being  tested. 

The  crucible  support,  g,  is  made  of  refractory  material,  which  begins 
to  show  signs  of  fusion  only  at  a  temperature  represented  by  Seger 
cone  No.  35.     It  used  to  be  made  with  a  small  cylindrical  projection 


1  Thonindustrie-Zeitung,  1892,  676;   1893,  I28'- 
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at  the  bottom,  which  fitted  into  the  central  opening  of  the  grate,  b, 
and  thus  insured  its  being  directly  in  the  middle.  This  was  very 
convenient  when  starting  work  in  a  cold  furnace  where  the  grate  is 
invisible. 

3.  Seger  Cones  and  Mould.  —  The  composition  of  the  artificial 
refractory  mixtures  prepared  by  the  late  Professor  Seger  to  take  the 
place  of  the  standard  fire-clays  of  Dr.  Bischof  is  shown  in  Table  II : 

TABLE  II. 
Seger  Cones  Compared  with  Bischof's  Standard  Clays. 


Segbr  Cones.1 


Bischof  Standard  Clays.2 


Number. 


Composition. 


K,0.  CaO.         A1203.  SiO, 


Corre- 
sponding 
No. 


Locality. 


26  . 

27  . 

28  . 

29  . 

30  . 

31  . 

32  . 

33  . 

34  . 

35  . 

36  . 


0.3 

0.3 


7.2 
20 
1 
1 
1 
1 
1 
1 
1 
1 
Rakonitz  clay-slate, 


72 

200 

10 

8 

6 

5 

4 

3 

2.5 

2 


VII 


VI 


IV 

III 

II 
I 


Niederpleis,  Nassau. 

Cassel,  Hesse. 

Griinstadt,  Palatinate. 

Coblentz,  Rhenish  Prussia. 
Andennes,  Belgium. 

Zettlitz,  Bohemia. 
Saarau,  Silesia. 


There  are  twelve  standard  mixtures,  while  Bischof  only  had  seven 
standard  clays.  They  are  formed  into  small  three-sided  pyramids 
^  inch  at  the  base  and  i|  inch  high,  having  their  respective  numbers, 
Nos.  26  to  36,  impressed  on  them.  Their  behavior  in  the  fire  is 
shown  in  Figure  4,  representing  tests  with  clays,  fire-bricks,  and  fire- 
sands,  made  at  Berlin  and  sent  to  the  writer  by  Mr.  Cramer  to  serve 
as  a  guide  at  the   beginning  of   the  present  work.      Figure  5,  with 


1252. 


1  Seger,  Thonindustrie-Zeitung,  1888,  163.     Seger-Cramer,  Thonindustrie-Zeitung,  1893, 
'  For  analyses  see  Technology  Quarterly,  6,  304 
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Fig.  5. 


SEGER   CONES. 

*•    GLOBULAR. 
XT    SHORTENED. 
S8  WELL-BEADED. 

CLAY  SAMPLES. 

I.  COMPLETELY  FUSED  AND 
ABSORBED  BY  BOTTOM 
LINING.  MUCH  BELOW 
CONE    26. 

II.  EQUAL  TO   CONE  ST. 


SECER   CONES. 

33  GLOBULAR. 

34  SHORTENED. 
33    UNCHANGCD. 

FIRE-SAND     SAMPLES 

I.    EQUAL  TO   CONE   33. 
II.,  III.    AND    IV.    STAND    BE- 
TWEEN   CONES  34  ANO  35. 


SEGER   CONES. 

2B  GLOBULAR. 

SO  SHORTENED. 

31   SLIGHTLY    BEADED. 

FIRE-CLAY  SAMPLES 

I.  EQUAL  TO   CONE   30. 

II.  EQUAL  TO  CONE  30. 


SEGER   CONES. 

32  GLOBULAR. 

33  SHORTENED. 

34  SLIGHTLY    BEADED. 


SEGER  CONES. 

20    GLOBULAR. 
27   SHORTENED. 
23   WELL-BEADED. 


SEGER  CONES. 

32  LENTICULAR. 

33  GLOBULAR. 

34  SLIGHTLY    BEADED. 


FIRE-BRICK  SAMPLE         FIRE-CLAY  SAMPLE         FIRE-CLAY  SAMPLE 

I.  EQUAL  TO  CONE  33.         I.  EQUAL  TO  CONE  23.         ■-  EQUAL  TO  CONE  33. 


(©  o; 

©0« 


SEGER   CONES. 

32  SHORTENED. 

33  SLIGHTLY    BEADED. 

34  FRITTED. 

36    UNCHANGED. 

FIRE-BRICK  SAMPLES 

I.  EQUAL  TO   CONE    32. 

II.  STANDS  BETWEEN  CONES 
32    AND   33. 


SEGER  CONES. 

32  LENTICULAR. 

33  SHORTENED. 

34  BEADED. 

FIRE-SAND    SAMPLED 

I.  STANDS  BETWEEN    CONES 
33    AND   34. 

II.  EQUAL    TO    CONI    34    OR 
STANDS  SLIGHTLY  LOWER. 


SEGER  CONES. 

32  SHORTENED. 

33  SLIGHTLY    BEADED. 

34  UNCHANGED. 

FIRE-CLAY  SAMPLES 

I.  AND  II.     STAND    BETWEEN 

CONES  32   ANO  33. 
III.    EQUAL  TO  CONE   33. 


DIAGRAMS  OF  TESTS,   SHOWING   BEHAVIOR  OF  CONES  AND  SAMPLES. 
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legend,  describes  their  behavior  in  detail,  the  different  changes  during 
fusion  being  indicated  by  the  terms  "beaded"  (the  apex  only  showing 
signs  of  fusion),  "shortened"  (the  pyramid  bending  or  sinking  and 
bulging  toward  the  base),  "globular"  (the  pyramid  becoming  round 
or  oval),  and  "lenticular"  (more  or  less  complete  fusion,  the  sample 
being  sometimes  slightly  raised  in  the  middle,  sometimes  slightly  de- 
pressed, sometimes  completely  absorbed  by  the  porous  bottom  lining 
of  the  crucible). 

The  writer  cannot  agree  with  Bischof's1  adverse  criticism  of  these 
cones.  After  having  melted  down  close  upon  two  hundred  Seger 
cones  in  seventy  separate  experiments,  he  has  still  to  find  one  instance 
where  the  cones  did  not  fuse  in  the  order  indicated  by  their  numbers. 

The  mould  and  scraper  used  in  making  pyramids  from  the  sample 
to  be  tested  are  shown  in  Figures  6,  7,  8,  and  9.     The  mould,  Figures 


Fig.  «. 


Fig.  1. 


CONE- MOULD 


6  and  7,  consists  of  a  small  oblong  piece  of  sheet  brass  folded  cross- 
wise, with  two  of  the  corners  turned  outward  just  far  enough  to  form 
an  inclined  trough  and  soldered  in  the  middle,  the  solder  being  filed 
smooth.  The  scraper,  Figures  8  and  9,  is  a  piece  of  sheet  zinc  pointed 
at  one  end  to  fit  accurately  into  the  triangle  a  b  c. 

The  dimensions  here  shown  should  be  slightly  reduced  if  the  test- 
cone  is  to  correspond  exactly  to  the  size  of  the  Seger  cone.  The 
mould,  Figures  5,  6,  and  7,  produces  a  three-sided  pyramid,  0.5  inch 
at  the  base  and  1  inch  high,  while  the  corresponding  measurements  of 
the  Seger  cone  are  \  inch  and  1£  inch.  The  difference  of  size  seems 
to  make  no  perceptible  difference  in  result ;  but  not  more  than  three 
of  the  larger  cones  can  be  put  into  the  crucible  at  once,  which  is  a 
decided  disadvantage. 


1  Thonindustrie-Zeitung,  1893,  1337  ;   '894,89.      See  also  Aaron's  rejoinder,  Thonindus- 
trie-Zeitung,  1893,  1337;  1894,  90. 


Experiments  for  Determining  the  Fusibility  of  Fire-Clays.        71 

4.  Method  of  Working.  —  In  preparing  refractory  material  for  a 
test,  it  is  slightly  calcined  (if  it  contains  any  organic  matter),  and, 
when  cool,  moistened  on  a  glass  plate  with  water  containing  5  per 
cent,  of  dextrine,  and  worked  with  a  spatula  to  a  stiff  paste,  plastic 
fine-grained  clay  requiring  less  w#ter  than  sandy  and  open-grained. 
The  paste  is  now  pressed  with  a  spatula  into  the  mould,  which  is 
placed  over  the  scraper.  This  is  slowly  pushed  upward  and  thus  re- 
leases the  sample  pyramid.  It  is  well  to  slightly  oil  the  upper  part 
of  the  mould  to  prevent  the  clay  from  adhering  and  the  top  of  the 
pyramid  from  bending  over.     The  sample  is  now  air-dried  over  night, 


Fij.  8. 


Fig.  9. 


and  then  slowly  heated  on  an  iron  plate  to  drive  off  the  rest  of  the 
moisture.  Usually  two  dried  samples  are  placed  with  three  Seger 
cones  in  a  crucible.  To  hold  the  cones  in  position  refractory  clay  is 
first  introduced  to  a  depth  of  say  |  inch  and  then  pressed  down  with 
a  round  stick,  say  \\  inches  in  diameter  and  4  inches  long.  With 
samples  melting  below  Seger  cone  No.  34,  the  bed  consists  of  clay 
melting  at  a  temperature  indicated  by  Seger  cone  No.  35  ;  with  sam- 
ples more  refractory  than  Seger  cone  No.  34,  the  bed  consists  of 
equal  parts  of  kaolin  and  alumina.  In  making  the  clay  bed,  one  half 
b  pressed  down  firmly  before  the  rest  is  added.  This  is  then  tamped 
in  gently,  leaving  it  softer  than  the  bottom,  so  that  when  the  cones 
are  introduced  the  latter  will  be  undisturbed  and  the  whole  firm.      In 
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putting  the  pyramids  in  position  a  pair  of  straight  steel  pinchers  was 
used,  one  arm  of  which  had  been  flattened  out  and  then  bent  into 
a  trough  shape. 

The  fuel  best  suited  for  the  furnace  is  gas  carbon,  as  it  is  hard, 
dense,  and  contains  less  than  o.  i  per  cent,  of  ash.  It  was  crushed  in 
a  Gates  laboratory  crusher  to  pass  a  2-mesh  sieve,  and  then  screened 
on  a  4-mesh  sieve  to  remove  the  fines.  In  order  to  ignite  the  carbon 
about  200  grams  of  charcoal  are  required.  This  was  put  through 
the  same  crusher,  everything  passing  through  a  2-mesh  sieve  being 
rejected.     The  fire  is  started  with  about  30  grams  of  newspaper. 

A  pair  of  cupel  tongs,  with  points  bent  at  right  angles  to  the  arms 
and  slightly  curved  to  fit  the  cylindrical  form  of  support,  crucible,  and 
lid,  were  found  convenient.  When  the  crucible  is  in  position,  the 
blast  is  slowly  started  and  the  paper  ignited  and  pressed  down  into 
the  furnace  with  the  tongs,  to  be  followed  by  charcoal  and  gas  carbon. 
The  pressure  of  the  blast  is  gradually  increased,  and  when  nearly  all 
the  carbon  has  been  consumed  and  the  crucible  becomes  visible  (a  blue 
glass  being  necessary  to  permit  the  watching)  the  blast  is  shut  off  and 
the  crucible  removed,  the  support  usually  adhering  to  it.  The  dif- 
ferent temperatures  are  obtained  by  varying  the  amount  of  gas  car- 
bon and  the  blast.  In  the  Berlin  laboratory,  foot  bellows,  20  inches 
in  diameter,  are  used  ;  at  first  they  are  trodden  twenty-five  times  a 
minute,  the  number  of  treadings  being  afterwards  increased  to  fifty, 
and  a  test  lasting  about  one  hour.  The  use  of  foot  bellows  being 
rather  awkward  and  time-consuming,  a  small  Sturtevant  fan  furnished 
the  blast  in  the  writer's  experiments,  the  connection  between  the 
blower  and  the  rubber  hose  attached  to  the  blast  pipe  of  the  furnace 
being  made  with  a  tuyere  bag.  Into  the  rubber  hose  was  inserted  a 
glass  tube,  and  this  connected  by  rubber  tubing  with  a  U-shape  water 
gauge ;  the  pressure  of  the  blast  was  regulated  by  tightening  or  loosen- 
ing a  clamp  inclosing  the  tuyere  bag. 

The  first  step  in  experimenting  with  the  furnace  was  to  find  out 
the  amount  of  gas  carbon  and  the  pressure  required  for  the  different 
Seger  cones.  Table  III  gives  the  leading  results  obtained.  It  took 
about  six  minutes  to  feed  in  the  charge,  fresh  charcoal  or  gas  carbon 
being  given  when  the  glow  had  penetrated  the  preceding  charge  of 
fuel.  The  pressure  of  the  blast  was  slowly  increased.  Starting  with 
just  enough  air  to  permit  of  introducing  the  ignited  paper  without  its 
blazing  up  too  violently,  it  was  raised  to  \  inch  when  the  first  scoopful 
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of  charcoal  had  been  given,  to  1  inch  when  all  the  charcoal  and  some 
gas  carbon  had  been  fed,  and  then  gradually  to  the  required  pressure, 
the  highest  being  2  inches.  When  the  pressure  required  for  a  cer- 
tain experiment  had  been  reached,  it  was  maintained  at  that  point 
until  the  end  by  increasing  the  amount  of  air  in  proportion  to  the 
burning  away  of  the  carbon.  The  result  of  this  is  that  toward  the 
end  of  an  experiment  the  gas  carbon  is  burnt  quickly,  and  thereby 
the  temperature  greatly  raised.  This  is  important  if  the  samples  are 
to  undergo  the  desired  change.  The  table  shows  the  different  effects 
obtained  with  different  weights  of  gas  carbon  and  varying  pressures 
of  blast.  Of  course  it  must  be  borne  in  mind  that  the  figures  de- 
pend upon  the  character  of  the  gas  carbon  and  the  condition  of  the 
furnace,  and  should  therefore  vary  when  these  differ  from  those  used. 
It  has  been  previously  said  that,  after  making  some  sixty  experiments, 
the  lining  of  the  furnace  showed  signs  of  becoming  vitrified,  which 
slightly  enlarged  the  diameter  of  the  hottest  zone,  with  the  result  that 
more  fuel  or  a  higher  pressure  of  blast,  or  both,  were  required.  In 
making  this  kind  of  experiment  the  first  thing  is  to  standardize  the 
furnace,  if  the  expression  be  allowable,  by  following  in  a  general  way 
the  data  given  in  the  table  and  then  keeping  a  tabular  record  of  all  the 
experiments  made  afterward,  the  latest  successful  experiments  serving 
as  guides  for  future  work.  In  the  table  the  condition  of  the  furnace 
when  the  experiment  was  made  is  given  as  cold  or  hot ;  the  former 
means  that  no  work  had  been  done  with  the  furnace  on  the  day  of 
the  experiment,  the  latter  that  one  or  two  experiments  had  preceded 
the  one  in  question. 

5.  Results  with  American  Fire-Clays.  — In  Table  IV  are  recorded 
the  results  obtained  in  testing  standard  American  fire-clays  by  Seger's 
method.  Of  the  twenty-five  samples,  fifteen  were  received  from  Dr. 
G.  E.  Ladd,  a  geologist  who,  having  made  the  study  of  clays  a  spe- 
cialty, devoted  much  time  and  money  in  visiting  the  principal  deposits 
and  collecting  samples  (weighing  each  about  fifty  pounds)  for  investi- 
gations of  his  own.  These  samples  are  specially  good,  being  taken 
in  a  systematic  way  by  a  disinterested  expert.  The  results  of  the  fire- 
tests  show,  therefore,  the  true  character  of  the  beds  in  1893.  How 
this  may  differ  from  samples  taken  at  an  earlier  date  is  seen  by  com- 
paring tests  Nos.  15  and  23,  both  representing  Sciotoville  clay;  No.  23 
the  clay  of  1884,  and  No.  15  that  of  1893.  Only  eight  of  Dr.  Ladd's 
samples  have  so  far  been  analyzed ;  the  analyses  of  the  other  seven 
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will  appear  later.  Professor  J.  C.  Smock  kindly  furnished  the  writer 
with  abundant  material  from  the  representative  clay  beds  of  New 
Jersey.  The  analyses  quoted  are  not  actually  those  of  the  clays 
that  were  tested,  but  are  sufficiently  close  to  permit  their  being  used. 
Of  the  three  Ohio  clays  received  from  Professors  Edward  Orton,  Sr., 
and  Edward  Orton,  Jr.,  only  the  sample  from  Portsmouth  is  repre- 
sented by  the  actual  analysis.  The  clay  from  Pueblo,  Colorado, 
received  from  Mr.  G.  K.  Gilbert,  of  the  United  States  Geological 
Survey,  is  represented  by  the  true  analysis.  The  last  column  of 
Table  IV  shows  the  comparative  fire-resisting  values  of  the  clays. 
They  range  from  Seger  cone  No.  29  to  No.  35,  and  above;  a  pyramid 
of  Spa  Spring  washed  clay  from  Woodbridge,  New  Jersey,  melting 
down  only  to  the  size  of  a  pea,  when  Seger  cone  No.  35  had  been 
completely  melted. 

In  addition  to  these  tests  of  standard  clays,  five  samples  of  low- 
grade  fire-clays  from  Ohio  and  Pennsylvania,  kindly  furnished  by  Pro- 
fessor Edward  Orton,  Jr.,  have  been  similarly  tested.  Table  V  gives 
the  analyses  and  results : 

TABLE  V.  —  Analyses1  and  Tests  of  Lov»Grade  Fire-Clays. 
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Zanesville,  Ohio    .     . 

22.95 

64.26   6.74 

93-95 

o-37 

o-45 

1.S1" 

0.15 

1.28 

4.06 

2.05 

8.79 

IOO.06 

26 
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Salineville,  Ohio   .     . 

26.60 

56.44 

7-57 

90.61 

0.63 

0.47 

3-20 

0.26 

2.00 

6.56 

2.48 

10.05 

99-65 

27-26 

3 

New  Brighton,  Pa.    . . 

24.88 

63-55 

6.96 

95-39 

0.47 

0.56 

2.27 

1.17 

4-47 

1.38 

8.34 

IOI.24 

28 
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Zanesville,  Ohio    .    . 

21.13 

66.21 

6.29 

93-63 

0.18 

0.51 

1.42 

0.38 

1.28 

3-77 

1.65 

7-94 

99.05 

29-28 

5 

East  Palestine,  Ohio. 

25.12 

59-54 

7-75 

92.41 

0.51 

°-57 

1.95 

'■57 

4.60 

a.63 

10.83 

99-64 

29-28 

It  will  be  seen  that  the  clays  of  Table  V  correspond  approximately 
in  refractory  quality  to  Seger  cones  Nos.  26,  27,  and  28  (although 
No.  27  is  not  accurately  represented),  thus  completing,  with  Table  IV, 
the  range  covered  by  the  Bischof  standards,  as  shown  in  Table  II. 


1  The  hygroscopic  water  is  included  in  the  sum  total. 
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A   DISCUSSION  OF  STATE  LEGISLATION  ON  HIGH- 
WAYS IN   THE    UNITED   STATES. 

By  ROY  STONE. 
Received  April  if,  1895. 

We  have  long  heard  of  abandoned  farms,  and  we  are  beginning 
to  hear  of  factories  abandoned  through  the  process  of  natural  selection 
and  the  "  survival  of  the  fittest,"  but  in  one  of  my  recent  journeys 
to  the  West  I  discovered  a  more  startling  object  —  an  abandoned 
railroad,  with  rusting  rails,  rotting  bridges,  weed-grown  roadbed,  and 
even  the  right  of  way  lapsing  through  non-user. 

This  road  led  from  a  large  and  prosperous  town  through  a  rich 
farming  district;  it  connected  with  other  railroads  at  both  ends  and 
had  no  rival  line,  yet  it  had  not  business  enough  to  pay  operating 
expenses  even  as  a  feeder  to  its  connections  ;  and  I  find  upon  inquiry 
that  this  is  only  one  of  several  roads  thus  situated. 

Here  is  an  object  lesson  too  plain  to  be  misunderstood.  We  have 
overdone  railroad  building  in  this  country  as  a  means  of  development, 
and  must  search  for  other  methods  of  bringing  the  country  up,  even 
to  the  point  of  making  its  present  railways  profitable.  In  its  bearing 
on  the  question  of  employment  for  engineers  that  lesson  has  doubtless 
come  home  to  many  instructors  in  engineering,  and  even  their  pupils 
must  be  casting  anxious  eyes  into  the  future  to  see  what  employment 
is  to  replace  railway  building  and  give  suitable  occupation  to  the  cease- 
less stream  of  graduates  in  the  art  of  construction.  And  were  it  not 
that  to  those  who  are  properly  equipped  human  progress  opens  con- 
stantly new  fields  for  human  effort,  there  might  be  room  for  serious 
apprehension  in  the  sudden  extinction  of  so  large  a  share  of  the 
world's  demand  for  constructive  skill. 

Among  the  growing  fields  for  the  employment  of  civil  engineers 
may  be  reckoned  ship  canals,  water  powers,  irrigation,  and  highways, 
and  of  all  these  the  last  gives  much  the  most  hope  of  filling  the  place 
of  railroads. 
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Many  institutions  are  therefore  awaking  to  the  need  of  instruction 
in  this  branch  of  engineering.  There  is  need,  however,  in  this  coun- 
try and  in  this  field  for  something  more  than  mere  technical  instruc- 
tion. Under  a  paternal  government  the  engineer  needs  only  to  know 
how  to  build  roads  ;  the  authorities  will  do  the  rest.  Under  a  popular 
government  he  must  know  how  to  get  them  built.  His  duty  as  a  citi- 
zen and  his  professional  interest  alike  require  that  he  should  know  all 
about  the  laws  and  ways  and  means,  and  all  the  facts  and  arguments 
bearing  on  the  question,  and  be  as  well  able  to  promote  road  improve- 
ments as  to  execute  them. 

Professor  Swain  is,  therefore,  wise  in  proposing  that  one  of  my 
lectures  shall  "  cover  an  account  of  what  has  been  done  in  the  United 
States  in  the  past  few  years  in  improving  the  condition  of  the  roads." 

But  before  entering  upon  the  question  of  what  has  been  done  by 
the  various  States  I  will  speak  of  what  has  been  done  by  the  general 
government.  It  is  not  generally  known  that  the  government  was 
engaged  in  building  common  roads  for  seventeen  years  before  it  began 
the  improvement  of  rivers  and  harbors,  and  that  the  construction  of 
roads  has  been  kept  up  to  a  greater  or  less  extent  ever  since. 

Every  one  has  heard  of  the  magnificent  Cumberland  road  which 
crossed  the  Alleghany  Mountains  and  led  to  the  Mississippi,  but  few 
are  aware  that  while  this  road  was  in  progress  twelve  national  roads 
were  laid  out  in  the  States  and  Territories,  making  what  was  regarded 
then  as  a  complete  system  of  highways,  and  that  more  or  less  work 
was  done  in  opening  and  constructing  these  various  highways. 

The  monetary  crisis  of  1836  put  an  end  to  all  great  schemes  of 
government  expenditure,  and  from  that  time  to  this  only  a  few 
military  roads  have  been  made,  and  of  late  years  only  those  leading 
to  national  cemeteries. 

The  constitutional  question  as  to  the  power  of  the  government 
to  build  roads,  while  it  has  been  frequently  raised,  has  never  seriously 
interfered  with  actual  road  construction,  and  the  general  opinion  is 
that  there  would  be  nothing  in  the  way  of  an  extended  use  of  national 
aid  to  road  building,  at  least  as  regards  military  and  post  roads.  The 
necessity  for  military  roads  has  been  insisted  upon  by  many  army 
officers,  in  view  of  the  difficulty  of  moving  troops  by  rail  for  the 
suppression  of  domestic  disorder  at  a  time  when  railway  employees  are 
in  sympathy  with  the  malcontents,  as  has  frequently  happened  of  late 
years. 
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In  addition  to  the  direct  road  building  done  by  the  United  States 
under  contract,  grants  of  land  have  from  time  to  time  been  made  to 
States  in  aid  of  road  building,  and  the  labor  of  United  States  troops 
has  been  employed  in  the  work.  The  troops  when  so  engaged  in  the 
early  days  were  given  an  extra  daily  allowance  of  fifteen  cents  in 
money  and  a  gill  of  whisky. 

Returning  to  road  building  by  the  States,  there  is  wide  variation 
in  their  systems  of  legislation  for  this  purpose,  but  a  great  amount 
of  road  building  is  going  on  in  a  miscellaneous  way  and  much  valuable 
knowledge  is  being  developed. 

Naturally  the  first  method  considered  in  most  States  is  the  build- 
ing of  State  roads,  somewhat  as  Massachusetts  has  begun.  This  plan 
has  met  with  little  favor,  however,  in  other  States,  and  it  is  feared  that 
local  jealousies  will  prevent  any  good,  practical  results  under  this 
method. 

It  is  impossible  for  the  State  to  build  any  large  proportion  of  the 
roads  that  will  be  desired,  and  the  people  who  are  disappointed  in 
getting  the  accommodation  hoped  for  will  soon  be  in  the  majority  and 
the  State  appropriations  be  liable  to  be  cut  off. 

A  plan,  which  came  near  being  adopted  in  New  York  State, 
of  connecting  all  the  county  seats  by  a  network  of  roads  is  apparently 
more  fair  than  one  which  leaves  a  State  commission  to  make  a 
selection  of  those  lines  which  seem  to  it  most  important ;  but  this, 
again,  is  open  to  the  objection  that  county  seats  are  frequently  not 
centers  of  business  or  travel,  and  long  stretches  of  useless  road  would 
be  built,  while  many  business  centers  which  are  not  county  seats 
would  fail  to  be  accommodated.  The  same  money  spent  in  con- 
structing the  same  length  of  road  in  each  county,  but  so  located  as 
to  radiate  from  shipping  points  and  other  business  centers  and  to 
connect  towns  and  villages  not  joined  by  railroad,  would  be  of  much 
greater  benefit ;  and  if  the  States'  contributions  were  generally  used, 
as  they  are  beginning  to  be  in  New  Jersey,  to  stimulate  local  effort 
and  induce  the  expenditure  of  twice  or  thrice  as  much  money  by 
counties,  towns,  and  neighborhoods,  the  benefit  would  be  much  greater 
still,  while  all  ground  for  local  jealousies  would  be  removed,  following 
the  rule  of  "  first  come,  first  served,"  and  helping  those  first  who  are 
first  ready  to  help  themselves.  The  offer  of  State  aid,  moreover, 
induces  more  or  less  of  a  scramble  for  its  benefits  and  does  more 
to  agitate  the   public  mind   on   this  subject  than  any  other  method 
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of  procedure.  In  New  Jersey  farmers  who  were  opposed  to  the  bare 
idea  of  road  improvement  a  few  years  ago  are  among  the  most  anxious 
to  have  it  brought  to  their  own  neighborhoods. 

The  State  aid  roads,  being  widely  scattered,  form  numerous  centers 
of  education,  and  soon  the  whole  State  will  be  ready  for  more  expe- 
ditious measures  of  road  improvement.  This  effect  is  not  bounded 
by  State  lines.  People  are  coming  from  other  States  to  see  what 
is  being  done  in  New  Jersey,  and  they  return  to  spread  the  news 
wherever  they  go  that  farmers  are  prospering,  even  in  the  midst 
of  these  hard  times,  solely  by  reason  of  having  good  roads  in  place 
of  bad  ones. 

At  my  suggestion  a  committee  of  the  New  York  State  Legislature, 
together  with  members  of  the  boards  of  supervisors,  numbering  nearly 
one  hundred,  visited  some  of  the  State  aid  roads  in  New  Jersey  last 
spring,  and  when  they  returned  home  they  passed  a  bill  for  State  aid 
through  the  Lower  House  of  the  Legislature  by  a  majority  of  four 
to  one. 

Another  committee  from  a  county  in  North  Carolina  visited  New 
Jersey,  and  on  their  return  home  the  county  entered  at  once  upon 
a  general  scheme  of  road  improvement. 

These  visible  effects  of  practical  demonstration  have  led  me  to 
search  constantly  for  any  available  means  of  starting  road  improve- 
ment regardless  of  its  being  the  best  means  possible.  It  is  almost 
useless  to  carry  on  a  campaign  of  education  by  mere  talk  and  literature 
without  something  in  the  way  of  practical  illustration  and  proof,  hence 
I  have  endeavored  to  encourage  every  plan  that  leads  to  practical  and 
present  road  building.  The  times  are  most  unfavorable  to  any  method 
which  involves  an  increase  of  direct  taxation,  and  in  most  rural  local- 
ities there  is  an  insuperable  opposition  to  the  issuance  of  bonds, 
notwithstanding  that  all  those  counties  and  townships  which  have 
heretofore  borrowed  money  for  road  building  have  found  their  prop- 
erty values  increase  so  rapidly  by  the  influx  of  outside  capital  that 
their  rate  of  taxation  has  been  diminished  instead  of  increased. 

There  are,  however,  a  few  places  where  the  direct  tax  method 
is  being  employed  and  a  considerable  number  where  counties  are 
issuing  bonds  —  notably  in  the  first  case,  the  town  of  Canandaigua 
in  the  State  of  New  York ;  and  in  the  second  case,  the  County 
of  Morris  in  the  State  of  New  Jersey.  Morris  County  has  lately 
borrowed  $350,000  at  less  than  four  per  cent,  interest,  and  the  town- 
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ships  of  the  county  will  tax  themselves  for  half  as  much  more  for  a 
complete  system  of  county  roads.  In  Canandaigua  township  the 
property  owners  have  paid  an  extra  tax  of  $4,000  annually  for  several 
years,  and  are  so  well  pleased  with  the  result  that  they  are  likely 
to  continue  the  tax  until  all  their  roads  are  macadamized. 
1  The  direct  tax  method  must  be  slow  in  its  results,  and  for  a  long 
time  it  will  be  unequal  in  its  benefits,  since  large  portions  of  a 
township  must  pay  the  additional  tax  for  years  before  their  own  roads 
can  be  reached ;  moreover,  they  will  meantime  be  actually  injured 
by  the  advantage  given  to  their  competitors  of  better  access  to  their 
markets. 

The  direct  tax  method  tends  to  insure  economy  in  construction, 
but  by  limiting  the  means  it  narrows  the  scope  of  improvement,  and 
this  in  some  cases  almost  fatally.  In  Canandaigua,  for  instance,  the 
authorities  were  obliged  to  choose  between  macadamizing  the  roads 
and  lowering  their  grades,  which  latter  required  relocating  and  cutting 
down  the  hills.  Not  feeling  able  to  do  both,  they  chose  to  macad- 
amize the  roads  where  they  were,  and  while  they  have  made  a  great 
improvement  they  have  in  some  cases  probably  barred  out  a  greater 
one  forever,  for  when  roads  have  been  resurfaced  at  what  appears 
to  be  a  great  expense  it  is  extremely  difficult  to  make  any  subsequent 
change  in  their  location.  Their  ideas  of  economy,  moreover,  forbade 
the  employment  of  an  engineer,  and  though  they  have  made  excellent 
roads  they  would  have  done  much  better  under  scientific  advice.  The 
fact,  however,  that  they  have  succeeded  with  only  the  ordinary  edu- 
cated farmer's  knowledge  of  road  building  shows  that  engineers,  to 
make  themselves  useful  and  requisite  in  the  construction  of  ordinary 
country  roads,  must  be  prepared  to  adapt  themselves  to  all  conditions, 
and  more  especially  must  they  know  all  the  possible  economies  of  road 
construction. 

There  is  a  constant  apprehension  in  the  rural  mind  that  the 
employment  of  an  engineer  or  an  architect  leads  to  needless  expen- 
diture, and  unless  engineers  adapt  themselves  to  the  conditions  exist- 
ing they  are  liable  to  be  left  out  in  the  great  majority  of  plans  for 
country  road  building,  in  which  case  both  roads  and  engineers  will 
suffer. 

Country  road  building  is  the  particular  branch  of  the  science  and 
practice  which  I  desire  to  develop,  since  my  special  function  in  the 
Department   of   Agriculture    relates    to    the    building   of   such    roads 
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as  distinct  from  city  or  suburban  streets,  and  I  am  extremely  anxious 
that  engineers  who  are  intending  to  devote  themselves  to  road  con- 
struction should  be  able  to  give  the  benefit  of  scientific  knowledge 
to  the  building  of  improved  roads  even  of  the  simplest  and  cheapest 
character.  In  my  second  lecture  I  will  go  more  into  detail  in  this 
direction.  • 

Returning  to  road  legislation  and  the  definite  question  of  ways  and 
means,  the  county  bonding  laws  passed  by  various  States  have  been 
useless  where  they  require  a  popular  vote  to  authorize  the  issuance 
of  bonds,  and  they  have  only  been  effective  in  a  few  cases  in  New 
Jersey  and  in  some  counties  in  other  States  where  only  the  assent 
of  a  county  board  was  required.  It  is  very  clear,  then,  that  in  no 
considerable  part  of  the  United  States  are  the  masses  of  the  people 
educated  up  to  the  point  of  being  willing  to  tax  themselves  or  to 
borrow  money  to  any  great  extent  for  the  purpose  of  road  building. 
In  Missouri,  where  an  active  campaign  for  road  improvement  has  been 
carried  on  for  several  years,  the  people  have  lately  voted  down  by 
a  large  majority  an  amendment  to  the  constitution  merely  permitting 
counties  to  vote  a  special  tax  for  this  purpose ;  yet  while  in  no  State 
nor  scarcely  in  any  county  is  there  a  sufficiently  developed  senti- 
ment in  favor  of  road  building  to  secure  a  majority  of  votes  for 
any  extensive  measure  of  practical  improvement,  yet  in  almost  every 
county  in  every  State  there  is  some  neighborhood  far  enough  advanced 
to  be  ready  to  contribute  a  share  towards  the  improvement  of  its  own 
roads  if  the  county  and  State  will  do  the  rest. 

Apparently,  then,  this  opens  the  only  practicable  way  for  immedi- 
ate action  in  all  the  States,  and  legislation  in  favor  of  State  aid 
to  localities  is  becoming  a  favored  scheme  in  the  minds  of  the  advo- 
cates of  good  roads  everywhere.  It  is  through  State  aid  only  that  the 
cities  and  villages,  which  are  generally  quite  ready  to  assist  the  farmers 
in  road  building,  can  make  their  assistance  available. 

In  Ohio,  Indiana,  and  some  other  Western  States  improved  roads 
are  built  by  assessing  a  part  of  the  cost  on  a  strip  of  one,  two,  or  three 
miles  in  width  on  either  side  of  the  road  and  the  balance  upon  the 
county  at  large,  but  this  plan  is  not  wholly  just ;  in  fact,  the  benefits 
of  road  improvement  will  rarely,  if  ever,  be  bounded  by  parallel  lines. 

Roads  that  are  important  enough  to  require  systematic  reconstruc- 
tion will  generally  be  such  as  radiate  from  railway  stations  or  boat 
landings,   market   towns,   county  seats,   or  villages,   and   the   district 
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benefited  by  each  will  widen  rapidly  as  the  distance  from  the  common 
center  increases.  Taking  the  case  of  four  main  roads  diverging  from 
a  railway  station  at  right  angles  to  each  other,  these  roads  at  a 
distance  of  five  miles  will  be  seven  miles  apart,  and  the  benefit  district 
of  each  will  be  a  triangle,  with  its  apex  at  the  station  and  a  width  of 
seven  miles  at  the  base.  The  bounds  of  the  district,  moreover,  will 
be  modified  by  many  such  natural  obstacles  as  streams,  swamps,  hills, 
valleys,  etc.,  which  will  divert  travel  to  or  from  a  particular  road,  or 
by  artificial  conditions,  like  the  location  of  factories,  creameries,  grain 
elevators,  schools,  or  churches.  All  these  conditions,  however,  are 
susceptible  of  a  fairly  exact  determination,  and  the  benefit  district  of 
a  road  can  be  almost  as  accurately  defined  as  the  drainage  area  of  a 
stream.  When  it  is  so  defined  such  a  district  forms  an  ideal  unit 
of  action  for  road  improvement,  the  interests  of  all  its  people  are 
identical,  though  unequal,  and  the  share  of  expense  each  one  ought 
to  bear  can  be  safely  left  to  the  commissioners  charged  with  its 
assessment.     (New  Jersey  State  aid  law.) 

The  bill  passed  by  the  Assembly  of  the  State  of  New  York  divided 
the  total  cost  of  roads  built  with  State  aid  into  three  equal  portions, . 
one  to  be  paid  by  the  State,  one  by  the  county,  and  one  by  the  benefit 
district,  except  in  cases  where  the  benefit  district  was  peculiarly  re- 
stricted and  its  area  fell  below  an  average  of  one  mile  wide  on  each 
side  of  the  road,  in  which  case  its  share  was  to  be  scaled  down 
proportionately  to  its  decrease  in  area,  but  not  in  any  case  below 
ten  per  cent,  of  the  whole.  The  local  assessment  upon  the  benefit 
district  was  made  payable  in  ten  annual  installments,  with  interest,  the 
county  meanwhile  advancing  the  money.  In  the  case  of  roads  built 
from  local  materials,  as  in  Canandaigua,  and  made  with  single  track 
of  stone  and  a  parallel  track  of  earth,  as  is  now  considered  the  best 
practice  for  farming  districts,  the  total  cost  will  approximate  $4  per 
rod  in  length,  or  $1  per  acre  of  the  two  square  miles  of  area  benefited 
by  each  mile  of  road,  of  which  only  one  third,  or  thirty-three  and  one 
third  cents  per  acre,  falls  upon  this  area ;  this  divided  over  ten  years 
amounts,  with  interest,  to  only  four  cents  per  acre  annually. 

The  customary  tax  for  road  repairs  amounts  to  about  ten  cents  per 
acre  annually,  and  if  the  increase  of  four  cents  per  acre  is  found  too 
heavy  the  repairs  tax  might  safely  be  reduced  for  ten  years  to  six 
cents  per  acre,  leaving  the  total  tax  no  greater  than  at  present.  The 
roads  in  Canandaigua  have  cost  about  $900  per  mile,  but  it  would  have 
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been  better  economy  to  have  added  a  few  hundred  dollars  to  this  cost. 
In  my  second  lecture  I  will  give  some  details  of  their  construction. 

I  have  said  enough  on  the  subject,  perhaps,  to  show  that  through 
the  application  of  State  aid  good  permanent  roads  can  be  built 
without  increasing  the  burdens  of  the  farmer  through  local  taxation, 
and  all  experience  has  shown  that  the  expense  to  the  State  and  county 
is  much  more  than  balanced  by  the  increase  in  taxable  values  of  the 
districts  through  which  the  roads  are  built. 

Another  method  of  road  building  which  is  coming  much  into 
vogue,  especially  in  the  Southern  States,  is  that  of  using  convict  labor 
for  the  purpose,  and  so  much  is  being  accomplished  in  this  direction 
that  it  is  worth  while  to  give  careful  consideration  to  its  details. 

There  are  three  sides  to  the  question  of  working  convicts  on  the 
highways,  or  rather  two  sides  and  a  broad  middle  ground. 

The  negative  side  is  taken  by  the  New  York  Prison  Association 
and  by  penologists  generally.  The  reasons  advanced  in  opposition 
to  the  plan  are  that  honest  labor  would  be  interfered  with  ;  that  a 
large  body  of  keepers  would  be  required  at  great  expense ;  that  there 
would  be  a  constant  necessity  for  shooting  convicts  in  order  to  prevent 
escapes  ;  that  in  many  cases  the  prejudice  against  convict  labor  would 
require  a  military  force  to  protect  convicts  thus  employed  ;  and  that 
it  would  be  demoralizing  to  the  convicts  themselves  to  employ  them 
in  public  places. 

This  is  a  view  of  the  question  natural  to  men  whose  minds  are 
fixed  on  benefiting  society  by  the  reformation  of  criminals.  Opposed 
to  it  is  the  opinion  of  many  good  citizens  who  seek  the  public 
advantage  in  other  ways,  and  especially  in  the  direction  of  improved 
means  of  communication,  and  who  see  in  the  convicts  now  idle  in  our 
jails  and  prisons  a  labor  force  sufficient  to  mend  all  the  roads  in  the 
country,  if  it  could  be  so  applied,  and  which  they  believe  could  be 
so  applied  without  prejudice  to  free  labor.  The  advocates  of  the 
convict  road  work  insist  further  that  the  outdoor  life  and  exercise 
afforded  by  such  employment  would  benefit  the  health  and  morals 
of  the  prisoners. 

In  the  vicinity  of  Charlotte,  North  Carolina,  convicts  have  built 
miles  of  substantial  roads,  and  with  such  satisfaction  to  the  people 
that  the  special  law  under  which  it  was  done  is  now  being  extended 
to  other  counties.  In  other  Southern  States  where  the  convict  lease 
system  still  prevails  it  is  clear  that  a  transfer  of  the  prisoners  from 
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irresponsible  and  often  inhumane  private  employment  to  the  care 
of  States  or  counties  would  be  a  saving  kindness  to  them  and  would 
benefit  the  entire  community. 

Some  of  the  apprehensions  of  the  New  York  Prison  Association 
da  not  appear  to  have  been  well  founded.  The  New  York  Legislature 
passed  a  bill  providing  for  the  employment  of  convict  labor  of  the 
roads  of  the  State,  in  spite  of  the  protest  of  the  association,  and  a  very 
satisfactory  experiment  was  made  at  Clinton  Prison.  There  was  no 
interference  with  the  convicts  by  the  citizens,  except  in  two  cases 
where  intoxicated  men  offered  them  liquor ;  no  apparent  demoralizing 
effect  on  the  prisoners  or  the  public ;  no  shooting  of  convicts,  and 
only  three  men  attempted  to  escape.  In  his  report  on  the  subject  the 
warden  of  the  prison  concludes  as  follows:  "That  a  limited  number 
of  convicts  can  be  worked  successfully  is  now  an  established  fact." 

On  the  other  hand,  when  we  examine  the  warden's  financial  state- 
ment we  find  but  little,  if  any,  economy  in  the  use  of  convicts  as 
compared  with  the  employment  of  free  laborers  for  the  same  work. 
The  cost  of  maintenance,  of  guards,  and  of  the  search  for  escaped 
convicts  was  equal  to  ninety-one  cents  for  each  day's  labor  done, 
which,  considering  the  comparative  efficiency  of  such  labor,  is  very 
near  its  full  value,  their  day's  work  being  only  eight  hours.  Again, 
it  may  be  safely  predicted  that  when  road  making  becomes  a  great 
business  in  the  country  the  introduction  of  labor-saving  appliances  will 
do  away  with  a  large  share  of  the  hand  labor  now  required  in  laying 
a  stone  or  gravel  road.  The  material  being  generally  transported 
by  railroads  will  then  be  transferred  to  wagons  without  shoveling, 
and  from  the  wagons  will  be  mechanically  spread  in  its  place,  so  that 
almost  nothing  will  be  left  for  convicts  to  do  on  the  line  of  the  road. 

These  considerations  strengthen  the  position  of  those  who  hold  the 
middle  ground  of  the  question,  which  is  that  State  prisoners  should 
be  employed  wholly  in  the  preparation  of  road  material  and  in  places 
where  they  can  be  as  easily  guarded  and  secluded  as  in  the  prisons. 
The  plan  proposed  for  this  is  in  substance  as  follows :  First,  for  the 
State  to  buy  some  of  the  territory  which  contains  the  best  rock  within 
its  limits ;  second,  to  make  the  necessary  railroad  connections,  having 
first  secured  the  permanent  agreements  of  all  its  leading  railroad 
companies  to  carry  road  material  at  the  cost  of  hauling,  on  condition, 
if  required,  of  the  State  furnishing  to  them  a  certain  amount  of  track 
ballast  free  of  charge  or  at  the  cost  price ;  third,  having  erected  the 
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necessary  buildings  and  provided  the  best  machinery  for  quarrying  and 
crushing  rock,  to  bring  all  able-bodied  State  convicts  and  put  them 
at  this  work ;  fourth,  the  counties  to  put  their  jail  prisoners  and 
tramps  at  the  work  of  grading,  draining,  and  preparing  the  road  for 
macadamizing ;  fifth,  the  State  to  furnish  broken  stone  free  on  board 
cars  as  its  contribution  to  road  improvement. 

The  cost  to  the  State  in  addition  to  the  maintenance  and  guarding 
of  the  convicts  would  be  only  that  of  fuel  and  oil,  explosives,  and  use 
of  machinery,  or,  according  to  the  Massachusetts  Commission  Report, 
six  and  eight  tenths  cents  per  cubic  yard  of  broken  stone,  amounting 
for  the  twelve  hundred  yards  required  to  lay  a  mile  of  single-track 
road  nine  feet  wide  and  eight  deep  to  $81.60. 

The  remaining  cost  would  be  the  railroad  freight,  amounting  for 
an  average  distance  of  a  hundred  miles  to  not  more  than  twenty-eight 
cents  per  yard,  or  $336  per  mile;  the  wagon-haul,  averaging  possibly 
two  and  a  half  miles,  thirty  cents  per  yard,  or  $360  per  mile  ;  and  the 
rolling,  superintendence,  and  incidentals  (not  including  engineering, 
which  would  be  a  general  county  charge),  ten  cents  per  cubic  yard  — 
making  the  total  local  cost  sixty-eight  cents  per  cubic  yard,  or  $815 
per  mile. 

This  plan  would  bring  the  expense  of  road  improvement  so  low 
that  no  elaborate  scheme  of  taxation  or  borrowing  would  be  necessary, 
and  all  its  benefits  could  be  speedily  and  universally  realized.  The 
best  plan  for  carrying  it  out  would  perhaps  be  to  let  the  "benefit 
district,"  as  heretofore  defined,  pay  one  third  of  the  cost  by  install- 
ments and  the  township  one  third,  the  county  to  pay  the  remainder 
and  to  advance  the  amount  for  the  district,  with  a  rebate  or  discount 
to  all  individuals  who  might  prefer  to  pay  in  cash,  so  that  no  one 
would  be  put  in  debt  against  his  will.  The  total  cost  to  the  district 
on  this  basis  of  division  would  be  $272  per  mile,  or  twenty-one  cents 
per  acre. 

The  growth  of  the  road  movement  in  North  Carolina  is  unquestion- 
ably due  to  the  use  of  convicts.  Indeed,  this  use  has  in  the  majority 
of  cases  been  the  most  important  factor  in  deciding  the  counties 
of  that  State  to  vote  a  tax  for  the  improvement  of  the  public  roads. 
The  result  of  the  experiments  in  North  Carolina  has  been  altogether 
favorable  to  the  system,  both  in  point  of  efficiency  and  in  economy  and 
in  the  health  of  the  convicts.  In  Lenoir  County  only  short-term 
convicts   are   employed.      They   are   carefully   described   and   photo- 
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graphed,  and  offered  certain  inducements  in  the  way  of  reward  or 
shortening  of  term  if  they  remain  at  their  post  and  faithfully  discharge 
their  duties.  With  this  precaution  they  are  employed  on  the  public 
road  very  much  as  hired  laborers  would  be,  under  the  control  of  a 
superintendent,  but  without  a  guard,  and  they  are  allowed  to  remain 
at  their  homes  from  Saturday  night  until  Monday  morning.  This 
novel  experiment  has  been  in  operation  a  year,  and  not  a  convict  has 
attempted  to  escape.  (Cost  of  maintenance  reduced  from  thirty  cents 
to  twenty-four  cents  per  day  while  so  employed.) 

Many  of  the  States  are  now  arranging  to  establish  supply  camps 
for  road  material  at  which  State  convicts  can  be  worked  under  proper 
restrictions.  In  California  especially  the  State  Prison  grounds  contain 
an  excellent  vein  of  trap  rock  —  the  very  best  of  road  material  —  and 
abundant  water  power,  with  the  necessary  machinery  for  moving  and 
crushing  rock.  There  are  seven  hundred  or  eight  hundred  convicts 
in  the  prison.  The  prison  authorities  find  that  they  can  prepare  road 
material  and  put  it  on  the  cars  for  twenty  cents  a  cubic  yard  and  pay 
all  of  the  expenses  of  the  prison  out  of  the  receipts. 

Many  railroads  have  already  offered  to  transport  material  for  the 
bare  cost  of  train  service,  and  probably  most  of  the  roads  in  the 
country  would  be  willing  to  make  such  an  arrangement,  for  they  are 
naturally  interested  in  the  improvement  of  the  highways.  Their  deep 
concern  in  the  condition  of  its  highway  is  universally  recognized  ;  it 
was  particularly  well  expressed  at  the  Michigan  Engineers'  Conven- 
tion by  Mr.  E.  W.  Muenscher,  Chief  Engineer  of  the  M.  &  G.  R. 
Railway,  who  said :  "  No  interest  in  the  State  of  Michigan  would 
be  more  benefited  by  good  roads  than  the  railroads.  During  a  large 
part  of  the  year  much  of  their  rolling  stock  is  lying  idle  because 
farmers  cannot  bring  their  produce  to  the  station.  At  other  times 
they  cannot  get  cars  enough  to  haul  away  this  produce,  and  the 
sidings,  elevators,  and  warehouses  are  gorged  to  overflowing;  extra 
forces  must  be  employed ;  men  in  other  lines  of  traffic  who  need  cars 
are  denied,  and  general  disturbance  of  business,  delay,  and  loss  follow. 
Good  roads  would  distribute  this  business  more  uniformly  over  the 
year,  to  the  mutual  advantage  of  the  companies  and  their  patrons, 
to  say  nothing  of  the  increase  of  population  and  production  and 
prosperity  which  would  follow." 

In  the  State  of  Kentucky  very  excellent  roads  have  been  built 
under  special  laws,  permitting  counties  to  contribute  $1,000  per  mile 
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to  the  construction  of  stone  roads  of  specified  details,  and  the  State 
has  now  a  larger  mileage  of  good  roads  in  proportion  to  its  population 
than  any  other  in  the  United  States. 

The  various  methods  in  practice  comprise,  therefore,  first,  direct 
State  road  building,  as  in  Massachusetts  and  some  of  the  Western 
mountain  States ;  second,  State  aid,  as  in  New  Jersey  ;  third,  county 
road  building ;  fourth,  county  aid  to  local  contribution  ;  fifth,  convict 
labor ;  sixth,  direct  taxation  ;  seventh,  assessment  of  benefit  strips ; 
eighth,  township  bonding,  as  in  Pennsylvania.  Under  these  various 
methods  roads  enough  will  undoubtedly  be  built  so  much  better  than 
those  at  present  existing  in  this  country  as  to  pave  the  way  for 
building  better  and  more  costly  roads  in  the  future,  and  while  I  urge 
on  young  engineers  to  be  prepared  to  build  these  cheaper  roads  chiefly 
for  their  educational  advantages  to  the  public,  I  do  not  by  any  means 
desire  to  lower  the  ultimate  standard  of  road  building.  The  great 
highways  of  the  future  will  undoubtedly  be  better  structures  than 
anything  in  the  present  or  the  past  and  fully  worth  a  trained  engi- 
neer's most  earnest  study  and  attention.  Undoubtedly  the  wearing 
surfaces  of  stone  or  asphalt  will  be  replaced  by  flat  steel  rails  suited 
to  all  vehicles  and  laid  level  with  the  roadway,  so  that  wheels  will  pass 
on  to  or  off  them  with  slight  difficulty,  the  outer  edge  being  raised 
only  enough  to  give  a  gentle  guidance  to  the  wheels. 

There  is  no  more  economy  in  running  a  wagon  over  a  rough 
surface  than  there  would  be  in  running  a  railway  train,  and  the  saving 
in  wear  on  roads  of  heavy  travel  with  the  present  low  price  of  steel 
would  alone  be  more  than  the  difference  in  cost,  while  the  saving 
in  traction  would  be  from  fifty  to  eighty  per  cent. 

These  great  highways  will  connect  all  the  large  cities  and  will 
be  crowded  with  vehicles  of  kinds  now  seen  only  in  exhibitions  or 
on  trial  trips.  One  need  not  look  far  into  the  future  to  see  horses 
superseded  for  all  road  uses  except  pleasure  driving,  and  largely  for 
that.  In  the  race  for  automobile  vehicles  between  Paris  and  Rouen 
last  July  over  a  hundred  vehicles  of  different  descriptions  were  en- 
tered. Those  driven  by  electricity  were  barred  for  the  want  of 
facilities  for  recharging.  In  the  next  race  these  vehicles  will  be 
provided  for,  and  with  the  steady  diminution  in  weight  required  for 
storage  batteries  they  will  undoubtedly  be  a  favorite  class. 

The  recent  extended  development  of  cheaper  water  powers,  espe- 
cially in  this   country,  together  with  the   successful   transmission   of 
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power  by  electricity,  will  furnish  an  abundant  supply  of  motive  power 
for  such  vehicles  on  all  the  great  highways  at  a  cost  far  below  that 
of  animal  power. 

The  city  of  Augusta,  Georgia,  furnishes  water  power  at  the  rate 
of  $5.50  per  horse  power  per  annum,  and  makes  money  thereby. 
This  is  at  the  rate  of  one  and  three  quarters  cents  per  day.  Sup- 
posing this  to  be  doubled  for  transmutation  and  doubled  again  for 
transmission  and  doubled  yet  again  for  profit,  it  would  still  furnish 
power  on  draught  along  the  public  roads  for  $1  per  week  per  horse 
power. 

One  of  the  latest  of  the  electrical  carriages  for  two  persons  weighs 
but  little  over  one  ton,  including  passengers  and  battery.  One-horse 
power  will  move  this  vehicle  over  a  good  stone  road  at  fifteen  miles 
per  hour,  or  a  thousand  miles  in  a  week  by  daylight.  This  gives 
a  journey  of  a  thousand  miles  for  two  persons  for  $1,  or  about  one 
fortieth  the  cost  of  railway  travel. 

This  is  progress  enough  in  the  art  of  transportation  to  suffice  for 
a  few  years  at  least.  The  great  masters  of  aerostation  are  succeeding 
so  well  in  the  art  of  flying  that  if  they  do  equally  well  in  the  art 
of  alighting  they  may  sometime  do  away  with  the  need  of  roads 
altogether,  but  until  then  we  shall  keep  on  improving  roads  and 
vehicles  till  we  make  traveling  as  near  like  flying  as  possible. 
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REVIEW  OF  AMERICAN  CHEMICAL    RESEARCH. 
ARTHUR  A.  NOYES,  Editor. 

The  purpose  of  this  publication,  which  is  hereafter  to  appear 
serially  in  this  journal,  is  to  present  in  a  concise  form  a  review  as 
complete  as  possible  of  all  original  work  having  a  chemical  bearing 
published  in  the  United  States  after  the  beginning  of  the  year  1895. 
It  is  believed  that  such  a  compilation  will  prove  of  more  than  usual 
value  in  the  case  of  the  research  work  of  this  country  by  reason  of 
the  fact  that  so  large  a  proportion  of  it  is  published  in  other  than 
chemical  journals,  and  thus  fails  to  become  incorporated  with  the  rest 
of  the  science,  and  also  because  the  abstracts  of  American  chemical 
literature  published  in  foreign  journals  are  very  incomplete. 

The  execution  of  the  plan  has  been  made  possible  by  the  cordial 
cooperation  of  members  of  the  instructing  staff  of  the  Institute  of 
Technology.     The  following  is  a  list  of  the  present  abstracters  : 

C.  W.  Andrews :  Chemistry  of  Sugar.  W.  O.  Crosby :  Geological 
and  Mineralogical  Chemistry.  A.  H.  Gill :  Gas  Analysis,  Fuels,  Oils, 
and  Apparatus.  H.  M.  Goodwin  :  Physical  Chemistry.  H.  O.  Hof- 
man  :  Metallurgical  Chemistry  and  Assaying.  A.  A.  Noyes :  General 
and  Organic  Chemistry.  E.  H.  Richards  :  Sanitary  and  Agricultural 
Chemistry.  J.  W.  Smith  :  Dyeing  and  Bleaching.  H.  P.  Talbot :  In- 
organic and  Analytical  Chemistry.     F.  W.  Thorp  :  Technical  Chemistry. 

The  abbreviations  of  the  names  of  journals  are  those  recommended 
by  the  Committee  on  Indexing  Chemical  Literature  of  the  American 
Association  for  the  Advancement  of  Science  (Proceedings,  36,  45). 

General  and  Physical   Chemistry. 

The  Effect  of  Hydrolysis  upon  Reaction  Velocities.  By  F.  L. 
Kortright.  Am.  Chem.  J.,  17,  1 16-122.  —  The  author  points  out  that,  in 
the  case  of  reactions  between  substances  partially  hydrolyzed,  not  the  total 
quantity,  but  only  the  non-hydrolyzed  electrolytically  dissociated  portion  of 
each  substance  is  to  be  regarded  as  its  active  mass,  and  applies  this  un- 
doubtedly correct  principle  in  order  to  explain  the  variations  of  the  reaction 
constants  calculated  by  Kahlenberg  (_/.  Am.  Chem.  Soc,  16,  314)  from  his 
measurements  of  the  velocity  of  the  reaction  between  stannous  and  ferric 


Review  of  American   Chemical  Research.  91 

chlorides.  The  author's  explanation  involves,  however,  three  further  assump- 
tions :  1.  That  stannous  and  ferric  chlorides  are  equally  hydrolyzed.  2.  That 
the  hydrolysis  in  neutral  0.05  normal  solution  amounts  to  more  than  40  per 
cent.  3.  That  the  absolute  quantity  of  the  hydrolyzed  salts  remains  un- 
changed throughout  the  course  of  the  reaction.  In  the  complete  absence 
of  any  knowledge  in  regard  to  it,  the  first  assumption  must,  from  the  laws  of 
chance,  be  considered  very  improbable,  for  there  are  not  even  analogies 
between  stannous  and  ferric  salts  to  justify  it.  The  second  assumption  is 
disproved  by  the  freezing  point  determinations  of  ferric  chloride  solution 
recently  published  by  the  abstracter  (Ztschr.  physikal.  Chem.,  16,  558),  which 
gave  for  the  molecular  lowering  of  that  salt  in  0.075  molecular  solution  3.42 
times  the  normal  value  ;  while,  if  hydrolysis  took  place  to  any  considerable  ex- 
tent, the  value  would  have  been  much  larger  (being  six  to  seven  times  the 
normal  for  complete  hydrolysis  and  four  times  the  normal  for  no  hydrolysis 
and  complete  dissociation).  And,  finally,  the  third  assumption  is  in  direct 
contradiction  with  the  laws  of  mass  action  which  it  is  the  purpose  of  the 
article  to  elucidate ;  for  the  hydrolyzed  quantity  of  the  salts  must  dimin- 
ish as  the  electrolytically  dissociated  amount  diminishes,  as  a  consequence 
of  the  equilibrium  condition  between  them.  The  fact,  therefore,  that  the 
author's  formula  represents  Kahlenberg's  results  in  a  satisfactory  manner 
has  no  theoretical  significance,  but  is  merely  a  consequence  of  the  math- 
ematical principle  that  an  empirical  formula  with  two  arbitrary  constants 
can  always  be  made  to  express  results  more  closely  than  one  with  a  single 
constant.  The  true  explanation  of  the  deviations  observed  by  Kahlenberg 
is,  as  the  abstracter  has  shown,  to  be  found  in  the  fact  that  the  reaction  is 
of  the  third  order,  and  should  be  represented  by  the  differential  equation  of 
that  order,  not  by  that  of  the  second.  (Compare  Ztschr.  physikal.  Chem.,  16, 
546.)  It  is  much  to  be  regretted  that  the  theory  of  the  velocity  of  chemical 
change  originally  proposed  by  van't  Hoff  is  so  often  completely  ignored 
by  authors  writing  on  the  subject ;  for  it  is  certainly  still  an  open  question 
whether  the  order  of  a  reaction  is  determined  by  the  number  of  molecules  or 
by  the  number  of  substances  taking  part  in  it. 

A.  A.  Noyes. 

On  the  Influence  of  Magnetism  on  Chemical  Action.  By  F.  A. 
Wolff,  Jr.  Am.  Chem.  J.,  17,  122-138. —  The  author  describes  some  exper- 
iments made  with  the  purpose  of  explaining  the  phenomena  previously  ob- 
served by  Remsen  (Am.  Chem.  J.,  3,  157)  in  precipitating  copper  from  a 
solution  of  its  sulphate  on  a  magnetized  iron  plate.  The  phenomena  consist 
(1)  of  rotation  set  up  in  the  solution;  (2)  of  unequal  deposition  of  copper 
on  different  parts  of  the  plate,  there  being  no  deposit  on  the  outlines  of  the 
magnetic  poles ;  and  (3)  of  deposition  of  the  copper  in  ridges  at  right  angles 
to  the  lines  of  force.  The  conclusions  reached  are  that  magnetism  has 
no  direct  influence  on  the  chemical  action  between  the  iron  and  copper 
sulphate,  but  that  it  causes  a  concentration  of  the  resulting  iron  salt  in  the 
strongest  parts  of  the  field,  and  that  to  this  effect  and  the  electric  currents 
arising  from  it  the  phenomena  in  question  are  to  be  attributed.  The  author 
also  states  that  the  earlier  experiments  of  Hunt  indicating  an  effect  of 
magnetism  on  various  other  chemical  reactions  were  repeated  both  by  Pro- 
fessor Remsen  and  himself  mostly  with  negative  results  and  without  obtaining 
any  evidence  of  a  magnetic  influence. 

A.  A.  Noyes. 
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A  Redetermination  of  the  Atomic  Weight  of  Yttrium.  By  Harry 
C.  Jones.  Am.  Ghent.  J.,  17,  154-164. —  The  yttria  employed  was  prepared 
by  Professor  Rowland  by  fractional  precipitation  of  the  earthy  metals  with 
potassium  ferrocyanide  as  previously  described.  (Chem.  News,  70,  68.)  The 
ratio  Y2Oa :  Y2(S04)3  was  determined  both  by  treating  the  oxide  with  dilute 
sulphuric  acid,  evaporating,  and  drying  at  a  temperature  somewhat  above  the 
boiling  point  of  the  acid,  and  also  by  igniting  the  crystallized  sulphate  over 
the  biast  lamp.  Ten  determinations  by  the  first  method  gave  for  the  atomic 
weight  the  mean  value  :  88.94,  and  an  equal  number  by  the  second  method  : 
88.97,  tne  maximum  and  minimum  values  being  89.05  and  88.89  respectively. 
The  result  is  slightly  lower  than  that  obtained  by  Cleve  :  89.1  (Bui.  Soc. 
chim.,  39,  120)  with  yttria  fractionated  by  oxalic  acid,  and  confirms  the  use- 
fulness of  the  easier  method  of  separation  with  potassium  ferrocyanide. 

A.  A.  Noyes. 

A  Modified  Arrangement  of  the  Elements  under  the  Natural 
Law.  By  F.  P.  Venable.  J.  Am.  Chem.  Soc.,  17,  75-84.  —  The  purpose 
of  the  modifications  is  to  make  the  Periodic  Law  more  readily  intelligible 
to  students  and  more  satisfactory  as  a  basis  of  presentation  of  chemical  facts. 
The  first  suggestion  is  that  the  expression  "  periodic  functions  "  be  omitted 
in  the  statement  of  the  law  itself,  so  that  it  shall  read:  "The  properties 
of  the  elements  are  dependent  upon  and  determined  by  the  atomic  weights." 
This  the  author  considers  the  essential  part  of  the  Periodic  Law.  To  the 
abstracter  it  seems  a  mere  platitude  which  deprives  the  law  of  its  whole  real 
significance,  which  lies  in  the  very  fact  of  periodicity.  It  is,  of  course,  not 
necessary  to  use  the  expression  "periodic  functions,"  which  is  too  indefinite 
as  well  as  mathematical.  The  abstracter  employs  the  following  general 
statement :  "  If  the  elements  are  arranged  in  the  order  of  their  atomic 
weights,  there  is  found  to  be  a  progressive  change  in  their  properties,  and  a 
recurrence  of  similar  properties  at  certain  definite  intervals  in  the  values  of  their 
atomic  weights."  Moreover,  the  arrangement  of  the  elements  proposed  by 
the  author  is  influenced  by  this  misconception,  being  in  reality  based  prima- 
rily on  similarity  of  properties  in  general,  not  on  the  values  of  the  atomic 
weights.  Therefore,  whatever  may  be  its  advantages  as  a  system  of  classifi- 
cation for  certain  purposes,  it  cannot  be  regarded  as  a  satisfactory  expression 
of  the  truths  contained  in  the  Periodic  Law.  For  the  details  of  the  arrange- 
ment reference  must  be  made  to  the  original  article. 

A.  A.  Xoyes. 

Report  of  Committee  on  Atomic  Weights  Published  during  1894. 
By  F.  VV.  Clarke.  J.  Am.  Chem.  Soc,  17,  201-212. — A  summary  of  the 
atomic  weight  determinations  published  during  the  preceding  year,  the  mean 
results  of  which  are  given  below  (O  =  16)  : 

Hydrogen  (Thomsen,  Ztschr.  physikal.  Chem.,  17,  398,  726)       ....  0.9% 

Strontium  (Richards,  Proc.  Am.  Acad.,  1S94,  369) S7.66 

Barium  (Richards,  Proc.  Am.  Acad.,  2g,  59) 137.44 

Cobalt  (Winkler,  Ztschr.  anorg.  Chem.,  8,  1) 59  52 

Nickel  (Winkler,  Ztschr.  anorg.  Chem.,  8,  1) 58.S6 

Palladium  (Keiser,  Breed,  Am.  Chem.  J.,  16,  20) 106.51 

Tungsten  (Pennington,  Smith) 1S4.92 

(Smith,  Desi) 184. 7<i 

Thallium  (Wells,  Penfiekl,  Am.  J.  Sci.,  47,  466) 2)4.47 

Bismuth  (Schneider,  J.  prakt.  Chem.,  50,  461) 208.05 

Tin  (Schmidt,  Ber.,  27,  2743) 11S.4S 

The  article  closes  with  a  revised  table  of  atomic  weights. 

A.  A.  Xoyes. 
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On  the  Application  of  the  Schroeder-Le  Chatelier  Law  of  Sol- 
ubility to  Solutions  of  Salts  in  Organic  Liquids.  By  C.  E.  Line- 
barger.  Am.  J.  Set.,  49,  48-53.  —  The  author  tests  the  applicability  of 
this  law,  according  to  which  "  the  solubilities  at  equal  intervals  from  the 
temperatures  of  fusion  for  different  solid  bodies  and  in  different  solvents 
are  the  same,"  to  solutions  of  inorganic  salts  in  organic  liquids.  He  uses 
for  this  purpose  data  furnished  by  Etard  and  Arctowski,  and  experiments 
of  his  own  on  the  solubility  of  cadmium  iodide,  mercuric  chloride,  and 
silver  nitrate  in  benzene.  Although  the  law  was  found  by  its  propounders 
to  be  satisfactorily  confirmed  by  certain  organic  bodies  dissolved  in  chem- 
ically similar  solvents,  the  author  finds  that  this  is  not  even  approximately 
the  case  with  inorganic  bodies,  from  which  he  concludes  that  the  "  law  "  is 
not  general,  but  applicable  only  to  certain  special  classes  of  bodies. 

H.  M.  Goodwin. 


Determination  of  the  Electric  Conductivity  of  Certain  Salt  So- 
lutions. By  Albert  C.  MacGregory.  Phys.  Review,  1,  361-372. — The 
electrical  conductivity  of  a  number  of  salts  of  the  alkali-earth  metals  was 
determined  in  aqueous  solution  by  the  well-known  method  of  Kohlrausch. 
As  the  results  are  of  great  value  for  determining  the  degree  of  the  dissocia- 
tion of  the  salts,  they  are  given  below  in  full  for  dilutions  of  ten  liters  and  over. 
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The  numbers  in  the  column  headed  m  denote  the  concentration  in  gram 
equivalents  per  liter.  The  remaining  columns  contain  the  corresponding  equiv- 
alent conductivity  multiplied  by  io'  at  180. 

This  list  makes  more  complete  our  hitherto  rather  fragmentary  data  on 
the  electrical  conductivity  of  this  class  of  salts,  Kohlrausch's  measurements 
being  confined  (barium  salts  excepted)  to  the  more  concentrated  solutions. 
The  only  anomaly  observed  was  in  the  case  of  silver  acetate,  whose  molec- 
ular conductivity  reached  a  maximum  at  a  dilution  of  0.0006  gram  equiva- 
lents per  liter.  It  seems  to  the  abstracter  that  this  is  probably  to  be  ex- 
plained by  hydrolysis  of  the  salt. 

H.  M.  Goodwin. 
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Surface  Tension  of  Water  at  Temperatures  Below  Zero  Degree 
Centigrade.  By  W.  J.  Humphreys  and  J.  F.  Mohler.  Phys.  Rrticw,  2, 
387-391.  —  The  surface  tension  of  water  was  determined  at  temperatures 
varying  from  -f-  18.5°  C.  to  — 8.30  C.  by  a  slightly  modified  form  of  the  capil- 
lary tube  method,  by  which  the  meniscus  was  always  brought  to  the  same 
point  in  the  capillary.  The  well  established  linear  decrease  of  surface  ten- 
sion with  the  temperature  was  found  to  hold  without  discontinuity  between 
these  limits,  and  is  expressed  by  the  equation  Tt  =  T0  (1  —  0.0020141). 
The   constant   agrees  well  with   that  found   by  other   observers   for  higher 

temperatures. 

H.  M.  Goodwin. 


Preliminary  Table  of  Solar  Spectrum  Wave-Lengths.  By  Henry 
A.  Rowland.  Astrophys.  J.,  1,  29-46,  131-145,  222-231.  The  above  arti- 
cles are  the  first  of  a  series  which  when  completed  will  contain  the  invalu- 
able result  of  the  author's  exhaustive  study  of  the  solar  spectrum.  The 
author  has  with  his  unsurpassed  facilities  now  photographed  the  spectrum  of 
every  known  element  (with  the  exception  of  gallium)  in  connection  with  the 
solar  spectrum.  The  laborious  comparison  and  complete  identification  of 
the  lines  of  the  solar  spectrum  with  the  spectra  of  the  elements  must  still 
remain  the  work  of  years ;  much  has,  however,  already  been  accomplished  in 
this  direction,  the  measurement  of  the  wave-lengths  of  the  solar  lines  being 
now  nearly  completed.  The  tables  now  published  contain  the  wave-lengths 
of  the  solar  lines,  the  element  or  elements  to  which  they  are  due  when  known, 
and  estimates  of  the  intensity  and  remarks  on  the  character  of  the  lines.  It 
is  intended  to  add  to  this  table  from  time  to  time  as  the  work  of  comparison 
progresses  until  a  standard  list  of  the  lines  of  the  solar  spectrum  with  all  the 
elements  to  which  they  are  due  is  finally  published. 

H.  M.  Goodwin. 

A  Theory  of  Electrolysis.  By  Alfred  H.  Bucherer.  Electrical 
World,  25,  138-140.  —  After  pointing  out  the  "enormity"  of  the  conception 
of  charged  ions  assumed  by  Arrhenius'  dissociation  theory,  the  author  devel- 
ops a  new  theory  of  the  voltaic  cell  based  on  the  laws  of  mass  action  and  on 
the  assumption  that  electrolytes  are  in  solution  dissociated  into  uncharged  ions. 
The  theory  assumes,  for  example,  that  a  hydrochloric  acid  solution  contains 
uncharged  chlorine  ions,  chlorine  atoms,  uncharged  hydrogen  ions,  and  hydro- 
gen molecules.  As  the  abstracter  is  unable  to  follow  the  author's  reasoning  in 
the  further  development  of  his  remarkable  "  theory,"  a  more  detailed  review 
is  impossible. 

H.  M.  Goodwin. 

Inorganic  Chemistry. 

Researches  on  the  Complex  Inorganic  Acids.  By  Wolcott  Gibbs. 
Proc.  Am.  Acad.,  30,  251-282  ;  Am.  Chem.  J.,  17,  73-91,  167-185.  —  The 
first  section  of  this  paper  forms  the  supplement  to  a  preliminary  article 
published  in  1877  by  the  author  on  the  alkaline  platino-tungstates  and 
platino-molybdates.  These  salts  are  formed  when  platinic  hydrate  is  boiled 
with  solutions  of  normal  or  acid  tungstates  or  molybdates,  or  when  platinic 
chloride  is  added  to  boiling  strongly  alkaline  solutions  of  normal  tungstates 
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or  molybdates.     Considerable  quantities  of  platinic  oxide  pass  into  solution, 
and  the  following  well-characterized  salts  are  obtained  : 

12  :  5  sodium  tungstate  gives  10\VO8.PtO2.6Xa2O  +  28Aq. 
Normal  sodium  tungstate  gives  2n\V08.PtO>.9N'a20  -f  58Aq, 

together  with  30\VO3.2PtO2.]5NTa2O  -f-  89Aq. 
10  :  4  sodium  tungstate  gives  30\VOj.PtO2.12Na2O  +  72Aq. 
14:6  ammonium  molybdate  gives  8MoOs.2Pt02.3(NH4)20  +  12Aq, 

and4MoOs.2Pt022(NH4)20.  +  19Aq. 
Normal  potassium  molybdate  gives  60MoOs.PtOj.lOKjO.  +  40Aq. 

It  has  long  been  known  that  pyrophosphates  of  the  heavy  metals  are 
frequently  soluble  in  sodium  pyrophosphate  solution  with  the  formation  of 
double  salts  in  which  the  heavy  metal  no  longer  exhibits  its  characteristic 
reactions  with  reagents.  Admitting  that  the  heavy  metal  in  these  salts  forms 
part  of  an  electro-negative  radical,  experiments  were  made  to  ascertain 
whether  in  the  case  of  such  mangano-alkali  salts  the  electro-negative  groups 
are  transferable  to  salts  of  "complex  acids,"  and,  if  so,  whether  the  latter 
compounds  differ  from  the  ordinary  pyrophospho-tungstates  and  pyrophospho- 
molybdates.  No  satisfactory  evidence  of  such  a  difference  was  found,  although 
several  well-defined  mangano  salts,  of  which  the  compounds  22Mo08.2P206. 
7Mn0.gNajO  -+-  57 Aq.  and  i4W03.6Na20  +  P2OaMn,  -+-  36Aq  may  be 
selected  as  examples,  were  prepared  and  studied. 

When  a  solution  of  auro-sodium  pyrophosphate,  P207AuNa,  is  treated 
with  ammonia  an  auramin  pyrophosphate  of  sodium  —  i4Au208.6P205.i4NH8. 
3\a20  -f-  24Aq.  —  is  formed,  which  explodes  with  violence  at  1700.  Boiled 
with  14  :  6  ammonium  molybdate  this  auramin  pyrophosphate  gives  a  slightly 
explosive  auramin  pyrophospho-molybdate,  i2Au2Os.3Mo03.7P205.24NH8 -f- 
2iAq.     Auro-pyrophospho-molybdates  are  also  described. 

Molybdico-tungstates  having  the  general  formula  i2W08.Mo02.sM'20 
seem  to  be  formed  when  Mo(OH)4  is  dissolved  in  12:5  alkali  tungstates. 
These  salts  absorb  oxygen  from  the  air  with  avidity.  Uranoso-tungstates, 
8W08.6U02.oK20  +  34Aq  and  8WOj.6UOj.12Na.iO  +  25-Aq,  a  silico-molyb- 
date,  i2Mo08.Si02.2(NH4)20  -J-  sAq,  and  a  selenoso-molybdate,  17M0O8. 
6Se02.5K»0,  were  likewise  obtained,  while  the  probable  existence  of  telluroso- 
molybdates  and  tungstates  and  of  cerico-molybdates  is  to  be  assumed  in  con- 
sequence of  certain  tentative  experiments. 

In  earlier  installments  of  his  extensive  investigation  on  "complex  inor- 
ganic acids  "  Dr.  Gibbs  has  endeavored  to  establish  the  existence  of  a  special 
class  of  meta-tungstates,  whose  lowest  term  is  represented  by  the  formula 
4WO,.RO  and  the  highest  by  24W08.nR20.  The  highest  term  actually 
described  by  him  previous  to  the  present  article  appeared  to  be  i6WOa. 
3Na20.4(XH4)20  -f-  i8Aq,  but  a  new  analysis  of  this  salt  makes  it  corre- 
spond somewhat  better  with  the  formula  24W03.5Na20.6(NH4)20  -f-  27Aq. 
The  paper  closes  with  the  description  of  a  new  phospho-tungstate,  2oW08. 
P206.Na20.2H20  -+-  igAq. 

S.    P.    MULLIKEN. 

The  Action  of  Metals  on  Nitric  Acid.  By  G.  O.  Higley.  Am. 
Chem.  J.,  17,  18-27.  —  Tne  paper,  which  is  one  of  a  series,  discusses  the 
reduction  of  nitric  acid  by  copper  and  lead.  The  apparatus  and  procedure 
employed  are  fully  described,  the  results  from  which  may  be  summarized 
as  follows  :  When  copper  is  the  reducing  agent  no  nitrogen  appears  among 
the   reduction   products,   whatever  the  concentration  of  the  nitric  acid ;  no 
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nitrous  oxide  is  obtained  with  acid  solutions  of  greater  specific  gravity  than 
1. 1 5,  but  the  quantity  increases  with  greater  dilution  until  a  specific  gravity 
i.io  is  reached,  then  it  slightly  decreases;  nitric  oxide  is  not  found  with  acids 
of  a  specific  gravity  above  1.25;  nitrogen  dioxide  and  trioxide  in  varying 
proportions  are  the  sole  products  of  reduction  of  nitric  acid  of  a  specific 
gravity  1.30  to  1.40.  The  experiments  made  with  lead  were  confined  to 
acid  with  specific  gravities  1.05  to  1.35;  a  more  concentrated  acid  failed  to 
dissolve  the  coating  of  lead  nitrate.  The  decomposition  products  are,  in 
general,  the  same  as  with  copper,  but  the  lead  acts  more  readily  than  the 
copper,  producing  with  equal  concentration  of  acid  relatively  more  nitrous 
oxide  and  less  of  the  higher  oxides  of  nitrogen.  The  author  suggests  that 
the  results  obtained  favor  the  assumption  of  a  direct  deoxidation  rather  than 
one  taking  place  through  the  intervention  of  nascent  hydrogen. 

H.  P.  Talbot. 

The  Combination  of  Sulphur  with  Iodine.  By  C.  E.  Linebarger. 
Am.  Chem.  J.,  17,  33-59.  —  Reference  must  be  made  to  the  original  article 
for  a  description  of  the  experimental  work  and  for  the  detailed  historical 
sketch  of  earlier  investigations.  The  author's  experiments  upon  the  fusion 
of  iodine  and  sulphur,  on  their  behavior  in  carbon  bisulphide  solution,  and 
on  double  decompositions  of  their  compounds  indicate  that  but  one  definite 
chemical  compound  is  formed ;  this  compound  has  the  molecular  formula 
S2I2,  and  melts  at  66.i°-66.2°.  It  is  not  a  stable  combination,  but  is 
analogous  to  those  bodies  which  are  denominated  "molecular  compounds." 

H.  P.  Talbot. 

A  Laboratory  Method  for  the  Preparation  of  Potassium  Ferri- 
cyanide.  By  M.  S.  Walker.  Am.  Chem.  J.,  17,  68.  —  The  author  recom- 
mends the  use  of  potassium  permanganate  to  oxidize  ferrocyanide  to  ferri- 
cyanide  instead  of  bromine  or  chlorine.  The  permanganate  is  used  in 
hydrochloric  acid  solution  (8  cc.  of  concentrated  acid  in  200  cc.  of  solu- 
tion), which  is  subsequently  neutralized  by  barium  carbonate.  The  first 
crop  of  crystals  only  is  used. 

H.  P.  Talbot. 

On  the  Cupriammonium  Double  Salts.  By  T.  W.  Richards  and 
A.  H.  Whitridge.  Am.  Chem.  J.,  17,  145-152.  —  The  paper  is  a  continua- 
tion of  a  previous  article  (Am.  Chem.  J.,  15,  642),  dealing  with  the  same 
class  of  bodies.  The  following  new  compounds  are  described,  with  meth- 
ods of  preparation  and  results  of  analysis :  Cupriammonium  formichloride 
[Cu(NH3)2ClCH02],  blue  prismatic  crystals,  permanent  in  dry  air,  but  decom- 
posed by  water  ;  ammon-cupriammonium  acetobromide  [Cu(NH313BrC!>H302. 
H20.],  brilliant  blue  flakes,  slightly  soluble  in  alcohol,  and  decomposed  by 
water;  cupriammonium  proprionobromide  [Cu(NH3)2Br.C2H603],  blue  pris- 
matic crystals,  permanent  in  the  air ;  cupriammonium  lactobromide  [Cu(NH3)2 
BrC3H563],  blue  crystals,  with  a  faint  purple  tinge,  permanent  in  the  air, 
but  decomposed  by  water;  and  cupriammonium  lactochloride  [Cu(NHs)2 
CICsHsOs],  crystals  of  a  lighter  blue  than  the  lactobromide,  but  otherwise 
similar  in  properties.  The  corresponding  compounds  of  butyric  acid  could 
not  be  prepared.  The  authors  will  continue  their  investigations,  and  will 
include  the  corresponding  amine  derivatives. 

H.  P.  Talbot. 
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Cupric  Hydride.  By  E.  J.  Bartlett  and  W.  H.  Merrill.  Am. 
Chem.  J.,  17,  185-189.  —  The  so-called  "copper-sponge,"  resulting  from  the 
action  of  hypophosphorous  acid  upon  copper  sulphate,  is  found  to  oxidize 
the  hypophosphorous  acid  to  phosphorous  acid  with  the  evolution  of  hydrogen, 
the  action  continuing  until  the  former  acid  is  exhausted.  Metallic  copper  in 
different  forms  fails  to  exert  this  action,  while  copper  oxide  reduced  in  hydro- 
gen reacts  in  the  same  way  as  the  copper  sponge.  An  analysis  of  the  sponge, 
as  well  as  the  reduction  product  from  the  copper  oxide  in  hydrogen,  shows 
the  existence  of  a  cupric  hydride,  CuH2,  in  each  case.  TTiis  hydride  in  the 
spongy  condition  is  reddish  brown,  but  changes  to  a  chorol  ite  when  boiled 
or  dried.  It  reacts  with  hypophosphorous  acid  only  in  the  spongy  form;  it 
is  unchanged  at  temperatures  above  ioo°  C.  until  the  copper  begins  to  oxi- 
dize, and  dissolves  in  acids  to  form  cupric  sal's  with  the  evolution  of  hydrogen. 
The  authors  assume  that  the  oxidation  of  the  hypophosphorous  acid  is  brought 
about  by  the  decomposition  of  a  molecule  of  water  under  the  influence  of  the 
cupric  hydride.  It  is  probable  that  the  efficiency  of  Gladstone  and  Tribe's 
copper-zinc  couple  {J.  Chem.  Soc,  33,  308,)  particularly  after  ignition  in 
hydrogen,  is  influenced  by  the  formation  of  cupric  hydride. 

H.  P.  Talbot. 

Action  of  Light  on  Lead  Bromide.  By  R.  S.  Norris.  Am.  Chem. 
J.,  17,  189-191.  Lead  bromide  when  subjected  to  light  in  a  finely  pulverized 
condition,  and  in  a  layer  sufficiently  thin  to  be  semi-transparent,  was  found 
to  blacken.  The  darkened  product  upon  solution  in  water  acidulated  with 
nitric  acid  left  an  amount  of  metallic  lead  equal  to  1  per  cent,  of  the  original 
weight.  The  bromide  had  lost  2.4  per  cent,  bromine.  In  a  layer  one  milli- 
meter in  thickness,  exposed  to  sunlight  for  two  weeks,  a  product  of  lighter 
shade  resulted,  which  was  entirely  soluble  in  water  acidulated  with  nitric 
acid.  A  sample  of  lead  bromide,  carefully  prepared  to  insure  purity,  dark- 
ened rapidly  in  the  light.  This  change  took  place  less  rapidly  under  water, 
but  with  equal  rapidity  whether  in  an  atmosphere  of  oxygen  or  of  hydrogen. 
The  author  assumes  this  to  be  an  instance  of  simple  dissociation,  and  pro- 
poses to  continue  his  investigation  to  determine  this  point. 

H.  P.  Talbot. 

Some  New  Solvents  for  Perchromic  Acid.  By  William  M.  Gros- 
venor,  Jr.  J.  Am.  Chem.  Soc,  17,  41-43. — A  two  per  cent,  solution  of  potas- 
sium dichromate,  slightly  acidified  with  sulphuric  acid,  was  in  each  instance 
shaken  with  hydrogen  peroxide  together  with  the  proposed  solvent,  and  the 
mixture  allowed  to  stand.  Ethyl  ether,  valerianic  ether,  amyl  alcohol,  amyl 
chloride,  the  amyl  ethers  of  formic,  acetic,  butyric,  and  valerianic  acids,  and 
the  ethyl  ether  of  acetic  acid  were  all  found  to  be  solvents  of  perchromic 
acid,  while  the  paraffine  oils,  benzene,  toluene,  carbon  bisulphide,  chloro- 
form, carbon  tetrachloride,  nitrobenzene,  aniline,  castor  oil,  oil  of  winter- 
green,  and  oil  of  bergamot,  each  failed  to  exert  a  solvent  action.  The 
solution  in  ethyl  acetic  ester  proved  to  be  the  most  stable. 

H.  P.  Talbot. 

On  Certain  Phenomena  Observed  in  the  Precipitation  of  Anti- 
mony from  Potassium  Antimonyl  Tartrate.  By  J.  H.  Long.  J.  Am. 
Chem.  Soe.,  17,  87-105. —  Reference  is  made  to  previous  articles  by  the 
author  concerning  the   behavior  of   solutions  of   tartar   emetic  {Am.  j.  Set., 
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Oct.,  1889,  and  Oct.,  1890,  and  J.  Anal.  Appl.  Chem.,  5,  152),  in  which  it  is 
shown  that  solutions  of  sulphates,  chlorides,  nitrates,  and  oxalates  of  the 
alkali  metals  when  added  to  solutions  of  the  antimony  salt  produce  no  pre- 
cipitation even  with  elevation  of  temperature,  while  carbonates,  acetates, 
phosphates,  and  sulphites  do  not  cause  immediate  precipitation  at  low  tem- 
peratures, but  throw  out  the  antimony  in  the  form  of  hydrated  oxide  at  higher 
temperatures.  A  similar  behavior  is  noted  toward  solutions  of  borates,  tung- 
states,  and  thiosulphates  in  the  present  paper. 

For  each  test  5  grams  of  the  tartrate  were  dissolved  in  60  cc.  of  water  at 
200,  and  to  these  solutions  definite  weights  of  borax  in  solution  in  35  cc.  of 
water  at  20°  were  added.  In  each  case  a  precipitate  fell,  which  was  removed 
by  filtration,  and  the  antimony  remaining  in  solution  was  determined.  The 
amount  precipitated  increased  with  the  amount  of  borax,  but  was  never  com- 
plete. The  author  has  studied  the  reaction  with  the  aid  of  the  polarimeter,  and 
shows  that  marked  changes  take  place  within  the  solution  before  precipitation 
begins.  The  rotation  constants  for  the  tartrates  have  been  previously  deter- 
mined by  the  author,  as  well  as  the  influence  of  boracic  acid  upon  these 
quantities,  and  from  the  optical  behavior  of  the  antimony  solutions  he  con- 
cludes that  the  ultimate  reaction  which  takes  place  is  the  following: 

2KSbOC4H406  +  Na2B407  -f  6H20  =  2KNaC4H406  +  Sb2Os  +  4H8B08. 

He  suggests  that  it  may  take  place  in  two  steps : 

2KSbOC4H40„  +  Na2B407  =  2KNaC4H40«  +  (SbO)2B407; 
(SbO)2B407  +  6H20  +  *H20  =  4H8BOs  +  Sb203..rH20. 

The  hydrated  oxide  may  by  loss  of  water  gradually  become  less  soluble 
and  appear  as  a  precipitate.  The  preliminary  change  takes  place  gradually, 
as  indicated  by  decrease  in  rotary  power  of  the  solutions.  —  Tungstates  show 
a  behavior  similar  to  that  of  the  borates,  while  thiosulphates  produce,  after 
a  time,  a  precipitate  which  is  yellow  when  it  first  falls  and  gradually  changes 
to  a  bright  red.  It  is  probably  a  hydrated  sulphide,  2Sb2S8.H20.  The 
author  suggests  that  this  reaction  may  also  take  place  in  two  steps : 

2KSbOC4H40„  +  Na2S208  4-  H20  =  Sb2Oa  +  2NaKC4H40,  +  H2S208; 
Sb208  +  2H2S208  =  Sb2Ss  +  2H20  +  S02  +  Ot, 

the  sulphur  dioxide  and  oxygen  being  held  to  form  polythionates. 

No  change  in  the  specific  rotation  of  the  tartar  emetic  takes  place  until 
precipitation  actually  occurs,  indicating  that  the  molecule  is  not  attacked 
until  that  point  is  reached.  In  this  respect  it  differs  from  the  borate  and 
tungstate. 

H.  P.  Talbot. 

Chemical  Analysis  of  Counterfeit  Gold  Dust.  By  V.  L.  Leigh- 
ton  and  H.  P.  Cadv.  Kansas  University  Quart.,  3,  197-199.  —  The  coun- 
terfeit gold  dust,  which  closely  resembled  placer  gold,  was  purchased  some 
years  ago  by  a  Kansas  bank,  and  was  composed  of  malleable,  irregular  flakes 
with  a  coarse  powder,  which  under  the  microscope  was  seen  to  be  made  up 
of  fragments  of  chalcopyrite  and  turnings  of  an  alloy.  The  flakes  proved 
to  be  fragments  of  platinum,  hammered  and  gold-plated.  The  alloy  con- 
tained iron,  silver,  lead,  platinum  (17.6  per  cent.),  copper,  and  nickel.  The 
specific  gravity  of  the  mixture  was  14.43.  Tne  analytical  procedure  is  de- 
scribed in  detail. 

H.  P.  Talbot. 
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Experiments  on  the  Solubility  of  Platinum  in  Hydrochloric  Acid. 
By  V.  L.  Leighton  and  H.  P.  Cady.  Kansas  University  Quart.,  3,  199-200. 
—  The  experiments  were  made  upon  pure,  spongy  platinum  from  ammonio- 
platinic  chloride.  The  results  were  the  following :  By  boiling  the  platinum 
with  hydrochloric  acid  a  loss  of  2.1  per  cent,  by  weight  was  incurred;  in  a 
sealed  glass  tube  at  2000  C,  4.52  per  cent. ;  in  a  sealed  glass  tube  and  an 
atmosphere  of  hydrochloric  acid  at  3oo°-36o°  C,  10.5  per  cent. ;  in  a  sealed 
tube  in  an  atmosphere  of  hydrochloric  acid,  after  removing  the  oxygen  con- 
densed on  the  surface  of  the  platinum  and  at  3oo°-36o°  C,  2.25  per  cent. 
The  authors  infer  that  at  the  higher  temperature  the  hydrochloric  acid  is 
decomposed  by  the  oxygen  condensed  on  the  surface  of  the  platinum,  with 
the  formation  of  nascent  chlorine. 

H.  P.  Talbot. 

Organic  Chemistry. 

On  the  Action  of  Chlorcarbonic  Ester  on  Sodium  Acetone.  By 
Paul  C.  Freer.  Am.  Chem.  J.,  17,  1-18. —  The  products  of  this  reaction 
are  investigated  in  order  to  establish  the  constitution  of  the  sodium  com- 
pound of  acetone  previously  discovered  by  the  author.  Somewhat  less  than 
the  theoretical  quantity  of  chlorcarbonic  ether  is  gradually  added  to  small 
amounts  of  sodium  acetone  under  ether  in  an  atmosphere  of  hydrogen,  and 
the  mixture  let  stand  ten  days  in  a  warm  place.  The  solid  product  which 
separates  consists  of  a  mixture  of  sodium  chloride  with  about  15  per  cent, 
of  sodium  carbonate.  The  liquid  product  yields  on  distillation  three  prin- 
cipal fractions,  boiling,  respectively,  below  110°,  between  1260  and  1370,  and 
above  1700.  The  first  consists  largely  of  unchanged  chlorcarbonic  ether. 
The  second  is  believed  by  the  author  to  be  a  mixture  composed  mainly  of 
isoacetone  carbonic  ether,  CH2:C(CH,).O.CO.OC2Ht,  for  the  following  rea- 
sons :  The  analysis  of  it  yields  values  corresponding  roughly  to  this  formula. 
The  vapor  density  also  accords  with  it.  The  body  does  not  react  with 
phenyl  hydrazine,  hence  it  is  not  the  isomeric  acetoacetic  ether.  It  is  com- 
pletely decomposed  by  barium  hydrate  or  hydrochloric  acid  into  carbonic 
acid,  ethyl  alcohol,  isopropyl  alcohol,  and  acetone  ;  the  amount  of  carbonic 
acid  so  obtained  agrees  well  with  the  theory,  and  the  amount  of  acetone 
exceeds  30  per  cent,  of  the  original  liquid.  The  products  of  the  action  of 
phosphorus  pentachloride  upon  it  are  2-chlorpropene  (CH,.CC1:CH2),  ethyl 
chloride,  phosgene,  and  carbonic  diethyl  ether.  The  author,  therefore,  con- 
cludes that  sodium  acetone  must  have  the  formula,  CH,.CONa:CH2.  The 
fraction  boiling  above  170°  consists  principally  of  phorone  and  other  con- 
densation products  of  acetone  ;  but  it  contains,  also,  a  body  of  the  composi- 
tion C,HuOa,  not  combinable  with  phenyl  hydrazine,  to  which  the  structure, 
(CH,),C:CH.C(OCOjC,H$):CHj,  is  assigned.  The  author  also  gives  a 
preliminary  account  of  the  action  of  benzoyl  chloride  on  the  phenyl  hydra- 
zone  of  acetone. 

A.  A.  Noyes. 

An  Introductory  Study  of  the  Influence  of  the  Substitution  of 
Halogens  in  Acids  upon  the  Rate  and  Limit  of  Esterification. 
By  D.  M.  Lichty.  Am.  Chem.  _/.,  17,  27-31.  —  A  preliminary  note  in  which 
only  a  few  results  are  communicated.  The  limit  of  etherification  at  154°  of 
equivalent  quantities  of  ethyl  alcohol  and  chloracetic  acid  was  found  to  be 
66.6  per  cent.,  identical  with  that  of  alcohol  and  acetic  acid.     For  dichlor- 
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acetic  acid  the  value  70.7  per  cent,  was  determined.  The  rate  of  etherifi- 
cation,  however,  is  very  much  greater  in  both  cases  than  with  acetic  acid. 
No  reliable  results  could  be  obtained  with  bromacetic  or  with  trichloracetic 
acid,  and  the  etherification  value  for  the  monochloracetic  acid  diminished 
greatly  on  continued  heating.  The  author  attributes  these  phenomena  to 
some  unexplained  secondary  decompositions.  The  abstracter  would  suggest 
that  these  secondary  reactions  consist  in  the  well-known  conversion  of  the 
mono-halogen-acetic  acids  to  glycolic  acid  and  halogen  acid,  and  of  the  tri- 
chloracetic acid  to  chloroform  and  carbonic  acid  by  the  water  set  free  in  the 
process  of  etherification.     Either  of  these  reactions  would,  of  course,  vitiate 

the  etherification  values. 

A.  A.  Noyes. 

On  the  Action  of  Sodium  on  the  Esters  of  Aconitic  and  Citric 
Acids.  Preliminary  Notice.  By  Paul  C.  Freer.  Am.  Chem.J.,  17,  31- 
33.  —  The  action  does  not  consist  merely  in  the  replacement  of  hydrogen  by 
sodium,  but  more  complex  sodium  derivatives  of  a  ketonic  character  are  pro- 
duced, probably  by  the  elimination  of  sodium  ethylate  between  two  molecules 
of  the  ether.     The  products  have  been  as  yet  but  little  investigated. 

A.  A.  Noyes. 

Diazobenzene  Aniline  Chloride.  By  J.  H.  Kastle  and  B.  C.  Keiser. 
Am.  Chem.J.,  17,  91-98.  —  By  the  action  of  less  than  the  theoretical  quantity 
of  nitrosyl  chloride  on  aniline  hydrochloride  in  the  presence  of  water,  and 
subsequent  precipitation  with  alcohol  and  ether,  a  white  crystalline  body  is 
obtained  which  is  believed  by  the  authors  to  be  a  compound  of  diazobenzene 
chloride  and  aniline  hydrochloride  (C6H6N2C1,C6H6NH8C1).  The  presence 
of  these  two  substances  in  it  is  clearly  shown  by  its  reactions.  Boiling  with 
water  causes  evolution  of  about  two  thirds  of  the  nitrogen  present,  and  phenol 
and  aniline  hydrochloride  are  found  in  solution.  Reduction  with  stannous 
chloride  yields  phenyl  hydrazine  and  aniline ;  treatment  with  potash,  diazo- 
amidobenzene.  A  substance  identical  in  properties  was  also  obtained  by 
the  addition  of  ether  to  a  solution  containing  equivalent  quantities  of  aniline 
hydrochloride  and  diazobenzene  chloride.  The  authors  do  not,  however,  in 
either  case  offer  any  evidence  that  their  substance  is  anything  more  than  a 
mechanical  mixture  of  the  two  chlorides.  Their  analyses  are  neither  numer- 
ous nor  accurate  enough  to  establish  definite  proportions,  and  both  chlorides 
are  separately  known  to  be  precipitated  from  their  aqueous  solutions  by  ether. 

A.  A.  Noyes. 

On  Imido-Ethers  of  Carbonic  Acid.  By  Felix  Lengfeld  and 
Julius  Stieglitz.  Am.  Chem.J,  17,  98-113. — The  purpose  of  the  investi- 
gation.is  to  establish  the  constuution  of  the  halogen  acid  addition-products 
of  the  halogen  derivatives  of  imido-carbonic  ethers  and  of  carbodimides  — 
for  example,  to  determine  which  of  the  following  reactions  takes  place  : 

C6Hs.N:CC1.0Ci.H6  +  HC1  =  C6Hs.NHCl:CC1.0C2Hj, 
or 

C6H6.N:CC1.0C2H5  +  HC1  =  CsHj.NH.CClj.OCjHs  ; 

C6H6N:C:NC6H5  +  HC1  =  C6H5.NHCl:C:NCeH5, 
or 

CeH6N:C:NCcH5  +  HC1  =  C6H6.NH.CCl:NCeH6. 
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The  authors  conclude  that  the  second  reaction  is  the  correct  one  in  each 
case.  C,H5N:CBr.OC2H6  treated  with  gaseous  hydrochloric  acid  yielded 
almost  wholly  C6H6.NH.C0.C1  and  C2H6Br.  C,HSN:CC1.0C,H5  with 
gaseous  hydrobromic  acid  yielded  a  considerable  proportion  of  the  same 
products,  but  a  larger  proportion  of  C«H5.NH.CO.Br  and  CSH6C1;  from 
which  it  follows  that  the  halogen  of  the  acid  does  not  combine  directly  with 
the  ethyl  group  of  the  ether,  but  the  acid  forms  an  intermediate  addition- 
product  of  the  constitution,  C«Hs.NH.CClBr.OC2H6,  which  then  decomposes 
into  the  mentioned  products.  For,  if  the  halogen  acid  added  itself  to  the 
nitrogen  atom,  forming  a  true  salt,  the  principal  decomposition  products 
actually  obtained  could  only  be  explained  by  assuming  their  constitution  to 
be  C,H6NHC1:C:0  and  C„H5.NHBr:C:0,  instead  of  C6H6NH.CO.Cl  and 
CeH5  NH.CO.Br,  which  assumption  is  not  in  accordance  with  the  results 
of  earlier  investigations.  This  hypothetical  addition-product  could  not  be 
isolated,  but  the  attempt  was  successful  in  the  case  of  the  phenyl  ether, 
C6H5O.CClj.NH.C6H5,  pheno.xyformphenylamidodichloride  (m.  pt.  65°)  be- 
ing obtained  by  treating  phenylanilidochlorformate  in  a  freezing  mixture 
with  dry  hydrochloric  acid.  The  hydrochlorate  of  carbodiphenylimide  was 
also  shown  to  have  the  similar  constitution,  C,H5N:CCl.NHC«Ht,  by  treat- 
ing it  with  sodium  ethylate,  which  gave  as  the  product  ethylisocarbanilide, 
CjH6O.CNHCsH5:NC|,H6.  Incidentally,  the  following  new  bodies  were 
prepared  and  described:  Bromformanilide,  C»H5NHCOBr  (m.  pt.  670),  pre- 
pared by  passing  dry  hydrobromic  acid  over  phenyl  isocyanate.  Phenylimido- 
carbonyl  bromide,  C«H6N:CBr2  (b.  pt.  1270  at  20  mm.),  by  the  addition  of  one 
molecule  of  bromine  to  phenyl  isocyanide  in  chloroform  solution  at — io°. 
Ethylanilidobromformate,  CaHjN:CBr.OC2H6  (an  oil  decomposing  into  phe- 
nyl isocyanate  and  ethyl  bromide  when  heated),  by  the  action  of  sodium  ethyl- 
ate  on  phenylimidocarbonyl  bromide.  Phenylanilidochloroformate  (m.pt.  41  °) 
from  phenylimidocarbonyl  chloride  and  sodium  phenolate.  Carbodiphenyl- 
imide dichloride,  (C6HSNH)2CC12  (?),  prismatic  crystals  decomposing  at  1300 
and  soluble  in  hot  chloroform,  was  prepared  by  passing  hydrochloric  acid  into 
a  benzene  solution  of  carbodiphenylimide  until  the  precipitate  first  formed 
had  redissolved. 

A.  A.  Noyes. 

On  Some  Bromine  Derivatives  of  Paraisobutyl  Phenol.  By  F.  B. 
Dains  and  I.  R.  Rothrock.  Am.  Chem.J,  17,  113-114.  —  Monobrom- 
paraisobutylphenol  (m.  pt.  50°)  was  prepared  by  the  addition  of  one  molecule 
of  bromine  to  the  sodium  salt  of  the  phenol  under  carbon  bisulphide  or  to  the 
phenol  itself  in  aqueous  solution.  The  benzoyl  ether  of  this  bromine  deriv- 
ative (m.  pt.  78. 50)  was  prepared  from  it.  By  the  addition  of  two  molecules 
of  bromine,  or  of  a  larger  amount,  a  dibrom  substitution  product  melting  at 
780  was  also  obtained. 

A.  A.  Noyes. 

On  the  Action  of  Acid  Chlorides  on  the  Methyl  Ether  of  Paraiso- 
butyl Phenol.  By  F.  B.  Dains.  Am.  Chem.  J.,  17,  114-116.  —  The  work 
of  the  author  is  an  extension  of  that  of  Gattermann  (Ber.,  22,  11 29;  23,  1199), 
who  has  shown  that  phenol  ethers  react  with  acid  chlorides  in  the  presence 
of  aluminum  chloride  with  formation  of  substituted  ketones.  To  one  part  of 
/-isobutylphenol  methyl  ether  and  one  of  acetyl  chloride  dissolved  in  ligroin 
two  parts  of  aluminum  chloride  are  gradually  added,  and  the  mixture  is  then 
heated  on  a  water  bath.     The  solvent  is  poured  off,  the  black  residue  washed 
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with  water,  the  oil  taken  up  in  ether  and  distilled.  The  product  consists  of 
methoxyisobutyl  acetophenone,  C6H3  OCH3(i)  C4H<,(4)  COCH3  (2?)  (b.  pt. 
262°-265°).  Its  ketoxime  melted  at  ii3°-ii4°.  Methoxyisobutyl  benzophe- 
none  (b.  pt.  above  315°)  was  prepared  in  a  similar  manner  by  means  of  benzoyl 
chloride. 

A.  A.  Noyes. 

The  Action  of  Ammonia  upon  Dextrose.  By  W.  E.  Stone.  Am. 
Chem.  J.,  17,  191-196. — A  crystalline  compound  of  dextrose  with  ammonia 
of  the  composition,  C6H1206NHa,  was  obtained  by  suspending  dextrose  in 
absolute  alcohol  saturated  with  ammonia,  shaking  frequently  for  ten  days, 
decanting  the  solution  and  allowing  it  to  stand  for  ten  days  or  more,  till 
crystallization  had  taken  place.  The  product  is  a  white  solid  of  sweet  taste, 
readily  soluble  in  water  with  an  alkaline  reaction,  insoluble  in  cold  alcohol 
and  ether.  Melting  point  i22°-i23°.  Specific  rotation  (a)D:  22°-22.7°. 
Unlike  dextrose,  it  does  not  have  the  property  of  birotation.  It  reduces 
Fehling's  solution,  undergoes  fermentation,  and  reacts  with  phenyl  hydrazine 
much  less  readily  than  dextrose.  The  same  compound  had  been  previously 
obtained  in  a  similar  manner  by  de  Bruyn  and  Franchimont  (Rec.  trav.  ehim., 
12,  286),  but  it  was  not  fully  described  by  them. 

A.  A.  Noyes. 

On  the  Behavior  of  Allylmalonic,  Allylacetic,  and  Ethylidene- 
propionic  Acids  when  Boiled  with  Caustic  Soda  Solutions.  By 
John  G.  Spenzer.  J.  Am.  Chem.  Soc,  17,  1-33.  —  It  having  been  observed 
by  Fittig,  v.  Baeyer,  and  others  that  fty  unsaturated  acids  when  heated  with  a 
large  excess  of  caustic  soda  are  transformed  into  a/3  unsaturated  acids,  the 
author  tries  the  action  of  the  same  reagent  upon  y8  acids,  namely,  on  allyl- 
malonic and  on  allylacetic  acids.  In  neither  case  does  a  transformation 
take  place.  Ethylidenepropionic  acid  on  boiling  with  a  large  excess  of  caus- 
tic soda  solution  is  transformed  into  propylideneacetic  acid  (m.  pt.  7^°) 
to  the  extent  of  60  per  cent.  The  barium  salt  crystallizes  in  efflorescent 
needles,  readily  soluble  in  water  and  alcohol.  The  calcium  salt,  (C6H,02)2 
Ca  -f-  4  H20,  crystallizes  in  long,  flat,  glistening  prisms,  readily  soluble  in 
water,  a  y3-dibromvalerianic  acid,  formed  by  the  action  of  a  carbon  bisul- 
phide solution  of  bromine  upon  a  similar  solution  of  the  acid,  crystallizes  in 
broad  leaves,  which  melt  at  560.  It  is  readily  soluble  in  carbon  disulphide, 
benzene,  and  petroleum  ether.  /3-bromvalerianic  acid,  prepared  by  the  addi- 
tion of  hydrobromic  acid  to  propylideneacetic  acid,  is  a  sandy,  white  crystalline 
body,  melting  at  s9°-6o0 ;  readily  soluble  in  ether,  chloroform,  carbon  disul- 
phide;  less  easily  in  benzene  and  petroleum  ether;  and  almost  insoluble  in 
water  at  0°.  Crystallographic  measurements  are  also  given.  When  the 
mixture  resulting  from  the  action  of  caustic  soda  solution  upon  ethylidene- 
propionic acid  is  made  acid  and  distilled  with  steam,  ethylidenepropionic 
acid  and  propylideneacetic  acid  are  driven  over,  while  36  per  cent,  of 
another  acid,  /3-oxyvalerianic,  remains  in  the  retort.  This  on  purification 
by  dissolving  in  ether  gave  a  colorless  syrup.  The  acid  is  readily  soluble 
in  cold  water,  ether,  benzene,  and  chloroform  ;  insoluble  in  carbon  disul- 
phide and  petroleum  ether.  The  calcium,  barium,  and  silver  salts  of  the 
acid  are  described.  On  boiling  /3-oxyvalerianic  acid  with  caustic  soda, 
56.6  per  cent,  unaltered  oxyacid,  21.26  per  cent,  of  ethylidenepropionic  acid. 
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and  14.64  per  cent,  of  propylideneacetic  acid,  were  obtained,  with  a  loss  of 
6.5  per  cent.  The  distillation  of  /S-oxy valerianic  acid  yielded  as  the  principal 
product  propylideneacetic  acid,  with  a  small  quantity  of  ethylidenepropionic 
acid.  A  table  is  given  at  the  close  of  the  article  showing  the  various  charac- 
teristics of  allylacetic,  ethylidenepropionic,  and  propylideneacetic  acids. 

T.  Evans. 

/S-Bromvalerianic  Acid.     By  John  G.  Spenzer.    Am.  J.  Set.,  49,  110- 

iii.  —  See  the  preceding  abstract. 

A.  A.  Noyes. 

Technical  Chemistry. 

Improvement  in  the  Manufacture  of  Acetone.  By  E.  R.  Squibb. 
J.  Am.  Chem.  Soc,  17,  187-201  ;  SguM's  Ep/iemcris,  4,  1653-1665.  —  This  is 
an  account  of  an  experimental  trial  of  a  continuous  process  for  producing 
acetone  directly  from  acetic  acid.  After  much  preliminary  experimenting 
with  a  horizontal  iron  tube  fixed  in  a  very  ingenious  but  simple  furnace, 
the  author  decided  that  with  a  stationary  tube  "  the  physical  and  mechan- 
ical conditions  of  heating"  were  not  conducive  to  equality  of  temperature; 
therefore  he  devised  a  rotary  still,  which  yielded  good  results :  "A  wrought 
iron  pipe  36  cm.  long  by  12.7  cm.  diameter,  contracted  at  the  ends  to 
central  hollow  journals  of  2  cm.  external  diameter  and  1.2  cm.  bore,  was 
supported  free  to  revolve  in  the  center  of  an  18  cm.  drain  tile  furnace, 
and  joined  at  one  end  with  the  vapor  supply  and  at  the  other  with  the 
condenser,  by  air-tight  glands  or  '  stuffing  boxes.'  "  Charging  and  discharg- 
ing openings,  closing  air-tight,  were  provided  at  the  ends.  The  still  was 
revolved  by  a  pulley  on  the  hollow  journal,  the  speed  of  rotation  being 
three  to  six  revolutions  per  minute,  the  power  being  supplied  by  a  water 
motor.  Through  the  journals  passed  short  pipes  for  vapor  supply  at  one 
end  and  for  the  escape  of  the  products  at  the  other.  A  filter  of  wire- 
cloth  filled  with  glass  wool  prevented  the  outlet  pipe  from  being  choked  with 
dust.  Along  the  inside  of  the  still,  at  equal  distances,  longitudinal  shelves 
of  sheet  iron  were  fastened,  to  carry  over  and  thoroughly  mix  the  charge. 
The  furnace  consisted  of  a  section  of  common  drain  tile  placed  horizon- 
tally. In  the  lower  side  six  holes  were  made,  through  which  the  tubes  of 
six  Bunsen  burners  were  introduced.  On  the  upper  side  of  the  tile,  holes 
were  provided  for  the  escape  of  the  combustion  gases,  and  the  ends  of 
the  furnace  were  closed  with  tiles.  This  arrangement  was  found  to  give 
a  very  even  heating  of  the  charge,  which  filled  about  one  third  of  the  still. 
The  acetic  acid  vapor  was  generated  in  a  small  flask  by  boiling,  the  supply 
being  suitably  regulated.  The  distillates  from  the  still  first  passed  through 
a  flask  kept  at  such  a  temperature  that  acetone  would  not  condense,  while 
water  and  undecomposed  acetic  acid  were  condensed.  Then  the  vapors  en- 
tered a  long  condenser,  and  the  distillate  was  received  in  a  flask  cooled  by 
ice.  The  uncondensed  vapors  next  passed  a  wash  bottle  with  water,  and  one 
with  strong  caustic  soda  solution,  and  could  then  be  tested  for  carbon  monox- 
ide and  marsh  gas.  The  apparatus  was  connected  with  a  Sprengel  pump,  by 
which  a  slightly  diminished  pressure  was  maintained.  Distillations  were  made 
by  passing  the  acetic  acid  vapor  into  the  empty  still  while  rotating,  by  passing 
the  vapor  through  the  still  when  nearly  filled  with  granulated  pumice  stone, 
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by  mixing  precipitated  barium  carbonate  with  the  pumice,  and  finally  by  put- 
ting barium  carbonate  alone  in  the  still  and  passing  the  acid  vapors  through 
it.  The  yields  of  acetone  were,  respectively,  24.5  per  cent.,  24.3  per  cent., 
16  per  cent.,  and  34  per  cent,  of  the  acid  decomposed.  In  every  case  a  greater 
or  less  amount  of  acid  passed  through  the  apparatus  undecomposed.  When 
carbonates  were  put  in  the  still  there  was  no  formation  of  acetates  till  the 
temperature  dropped  to  about  ioo°  C.  The  author  considers  careful  regu- 
lation of  the  heat  within  narrow  limits  as  the  most  important  detail  of  the 
process.  Too  high  heat  decomposes  the  acetone  into  marsh  gas  and  carbon 
monoxide.  The  product  is  a  dilute  acetone  fairly  clean  and  of  specific  grav- 
ity 0.93-0.97.  The  distillate  is  a  good  solvent  for  many  substances,  and  can 
be  used  for  making  chloroform.  An  investigation  of  the  specific  gravity  of 
pure  acetone  when  diluted  with  water  was  also  made  in  this  connection : 


Per  Cent.  Acetone 

Specific  Gravity  at : 

by  Weight. 

tc. 

ii_  c. 

35- C. 

4° 

if 

25° 

20 

0.9794 

0.9755 

0.9726 

40 

0.9527 

0.9454 

0.9397 

SO 

0.9334 

0.9247 

0.9180 

70 

08877 

0.8790 

0.8709 

80 

0.8626 

0.8536 

0.8450 

90 

0.8371 

0.8260 

0.8168 

100 

0.8082 

0.7966 

0.7870 

F.  H.  Thorp. 


An  Investigation  of  the  Twitchell  Method  for  the  Determination 
of  Rosin  in  Soap.  Bv  Thomas  Evans  and  I.  E.  Beach.  Am.  Chem.  J., 
•17,  59-67.  —  This  investigation  was  undertaken  with  the  purpose  of  discover- 
ing and  explaining  the  causes  of  the  discrepancies  in  the  results  obtained  in 
analyses  by  Twitchell's  method.  Both  the  gravimetric  and  volumetric  meth- 
ods were  carried  out  under  varying  conditions.  In  the  volumetric  method 
Twitchell's  directions  were  closely  adhered  to,  but  in  the  gravimetric  work 
the  recommendation  of  Lewkowitch  concerning  the  repeated  washing  of  the 
petroleum-ether  extraction  with  dilute  caustic  potash  was  followed  in  order 
that  complete  saponification  of  the  rosin  might  be  assured.  The  samples 
analyzed  were  in  most  cases  prepared  by  mixing  known  weights  of  rosin 
and  fatty  acids  and  then  melting  together  on  the  water  bath.  It  was  found 
that  the  combining  weight,  346,  given  by  Twitchell  for  rosin,  was  not  a  fixed 
quantity,  but  varied  in  different  samples  of  rosin  used.  The  grade  or  color 
of  the  rosin  proved  not  to  be  a  sufficient  basis  on  which  to  establish  the 
combining  weight.  When  the  combining  weight  of  a  rosin  was  once  known 
the  volumetric  method  gave  very  good  results.  The  gravimetric  method  was 
unsatisfactory,  as  losses  of  10-15  per  cent,  occurred.  This  had  been  inves- 
tigated by  Lewkowitch,  who  could  not  account  for  the  loss  except  on  the 
theory  that  part  of  the  rosin  was  decomposed  by  the  action  of  the  hydro- 
chloric acid.  The  authors  decided  that  the  petroleum-ether  extraction,  from 
which  all  the  saponifiable  matter  was  supposed  to  be  removed  by  the  caus- 
tic potash,  was  the  place  to  seek  for  this  loss.     Accordingly  samples  of  this 
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petroleum-ether  layer,  after  thorough  washing  with  potash,  were  evaporated 
to  dryness,  and  yielded  gummy  masses  having  an  odor  resembling  turpentine. 
These  amounted  to  9.71  per  cent,  and  9.54  per  cent.,  respectively,  of  the 
original  rosin.  The  mass  proved  to  be  unsaponifiable  with  alcoholic  potash. 
Experiments  were  then  made  by  dissolving  rosin  directly  in  petroleum-ether, 
washing  with  caustic  potash,  and  examining  the  petroleum-ether  again.  In 
each  case  gummy  residues  resembling  that  previously  mentioned  were  ob- 
tained, amounting  to  8.8  per  cent.,  9  per  cent.,  and  9.1  per  cent.,  respectively, 
of  the  original  rosin.  Apparently  the  action  of  the  hydrochloric  acid  was  not 
responsible  for  the  formation  of  this  unsaponifiable  matter.  Several  grades 
of  rosin  were  then  examined  for  unsaponifiable  matter,  and  their  combining 
weights  calculated  on  the  basis  of  saponifiable  rosin  present  were  found  to 
approach  very  nearly  an  average  number  of  316. 

F.  H.  Thorp. 

The  Asphalt  Question.  By  S.  F.  Peckham.  J.  Am.  Chem.  Soc.,  17, 
55-63.  — The  author  criticises  severely  several  papers  on  asphalt  by  different 
chemists,  but  especially  that  by  C.  Richardson  \j.  Anal.  Appl.  Client.,  6,  696 ; 
7,  28).  Errors  resulting  from  the  use  of  improper  solvents  are  also  shown  in 
the  work  of  several  analysts. 

F.  H.  Thorp. 

Alkali  and  Sulphurous  Acid  Processes  Used  in  the  Manufacture 
of  Starch  from  Corn.  By  Horace  E.  Horton.  J.  Am.  Chem.  Soc,  17, 
68-69.  —  The  article  consists  of  two  very  concise  outlines  of  the  processes, 
showing  all  their  essential  points. 

P.  H.  Thorp. 

Some  Practical  Points  in  the  Manufacture  of  Nitroglycerol.  By 
J.  E.  Blo.men.  J.  Am.  Chem.  Soc,  17,  263-277.  —  The  questions  here  con- 
sidered are  :  The  best  methods  of  stirring  the  mixture  of  acids  and  glycerol 
so  as  to  avoid  dangerous  heating  and  secure  economical  working;  the  most 
convenient  size  of  the  charge;  separators,  their  forms,  size,  and  number;  the 
treatment  of  the  nitroglycerol  in  the  washhouse ;  the  size  of  the  drowning 
tanks ;  methods  of  ascertaining  the  amount  of  nitroglycerol  on  hand  at  any 
time  and  the  daily  output  of  the  works ;  methods  of  conveying  the  nitro- 
glycerol from  the  storage  tanks  to  the  mixing  house ;  the  construction  of  the 
plant  with  reference  to  the  use  of  compressed  air  or  of  gravitation  for  moving 
the  nitroglycerine  ;  the  construction  of  the  buildings  and  the  safe  distance 
between  them;  methods  for  controlling  the  quality  of  the  materials  used; 
disposal  of  "  waste  acids  "  and  acid  wash  waters,  and  recavery  of  the  acids. 

K.  H.  Thorp. 

Methods  for  the  Examination  of  Glycerol  for  Use  in  the  Nitro- 
glycerol Manufacture.  By  G.  E.  Barton.  J.  Am.  Chem.  Soc,  17,  277- 
280.  —  The  author  gives  the  methods  which  he  finds  satisfactory  after  several 
years'  experience  in  this  work.  He  considers  the  following  determinations 
essential :  Carbonaceous  residue  and  ash,  sodium  chloride,  total  acid  equiv- 
alent, higher  fatty  acids,  neutrality,  specific  gravity,  and  permanent  specific 
gravity. 

F.  H.  Thorp. 
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The  Use  of  Sulphurous  Acid  (NaHSOs)  in  Manufacture  of  Glu- 
cose Syrup  and  Grape  Sugar.  By  Horace  E.  Horton.  J.  Am.  Chetn. 
Soc,  17,  281-286.  —  The  author  describes  the  preservative  action  of  this  acid 
on  the  color  of  the  syrups,  where  it  has  great  value,  as  well  as  in  the  matter 
of  giving  brilliancy  to  candy,  the  claim  made  by  some  candy  makers  that  its 
use  results  in  sticky  candy  being  shown  false.  The  addition  of  bisulphite 
in  Jarge  quantity  permits  the  boiling  of  candy  at  a  much  higher  temperature 
than  when  none  is  used.  There  was  no  apparent  effect  on  the  activity  of 
the  yeast  when  this  glucose  was  used  in  brewing,  but  the  bisulphite  was 
shown  to  accelerate  the  crystallization  of  grape  sugar  solutions,  while  also 
exerting  a  marked  bleaching  action. 

F.  H.  Thorp. 

Stamp  Sand  in  Cement  Mortar.  By  Edgar  Kidwell.  Eng.  Mining 
T  cgt  172.  —  This  article  contains  the  tabulated  results  of  a  large  number 
of  tests  of  cement  mortars  made  with  standard  quartz  sand  and  with  stamp 
sand  taken  directly  from  the  dump  of  a  stamp  mill.  The  stamp  sand  was 
the  result  of  crushing  melaphyr,  was  very  coarse,  and  contained  some  dirt. 
It  was  used  in  the  mortars  without  washing  or  sifting.  Five  different  grades 
of  cement  were  used,  viz.  :  Portland,  Buffalo,  Akron,  Louisville,  and  Rosen- 
dale,  and  the  results  show  conclusively  the  greater  strength  of  mortars  made 
from  stamp  sand. 

F.  H.  Thorp. 

Why  Rubber  Tires  Deteriorate.  By  J.  Carter  Bell.  India  Rubber 
World,  March  10,  1895.  —  The  deterioration  is  in  many  cases  due  to  the 
ingredients  used  in  compounding  the  rubber,  or  to  the  temperature  and  other 
conditions  during  vulcanization.  Iron  oxides,  cheap  gum  substitutes,  espe- 
cially those  of  an  acid  nature  or  which  liberate  acids  during  vulcanizing,  oily 
matters,  and  excess  of  sulphur  or  of  earthy  fillers  are  all  liable  to  cause 
deterioration.  Vulcanization  at  too  high  a  temperature  or  for  too  short  a 
time  also  results  in  a  poor  product.  Exposure  to  sunshine  and  oiling  the 
surface  of  rubber  articles  are  also  claimed  to  be  injurious. 

F.  H.  Thorp. 

On  Some  Possible  Sources  of  Error  in  the  Hide-Powder  Method 
of  Tannin  Determination.  By  H.  R.  Proctor.  The  Leather  Manufac- 
turer, 5,  3-4.  —  Professor  Proctor  in  this  short  article  presents  a  number  of 
facts  which  should  be  carefully  considered  by  chemists  using  this  method 
in  tannin  determinations.  While  proposing  no  better  method,  he  shows  the 
weak  points  of  the  process  and  makes  suggestions  relative  to  further  inves- 
tigations in  certain  lines.  Some  of  the  items  considered  are  :  The  mode 
of  solution  of  the  sample  analyzed,  the  effect  of  temperature  on  the  solu- 
bility of  its  various  constituents,  and  the  possible  influence  of  acetic  or 
other  acids  when  used  to  assist  in  the  solution ;  effects  of  oxidation  during 
evaporation  and  drying,  and  a  suggestion  that  this  be  done  in  vacuo  or  in 
neutral  gases  for  exact  data ;  variations  in  the  amount  of  soluble  matter 
in  the  hide-powder  used  and  the  effect  of  incipient  decomposition  of  the 
hide-powder  before  use  ;  the  fact  that  hide-powder  takes  up  other  matters 
than  tannins  and  the  results  of  using  a  large  excess  of  hide-powder ;  lastly, 
the  influence  of  the  fineness  and  other  physical  properties  of  the  hide-powder. 

F.  H.  Thorp. 
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Relation  between  Color  and  Composition  in  the  Tetrazo  Group. 
Br  Howard  S.  Nkiman.  Textile  Colons!,  17,  1.  —  The  author  has  tabu- 
lated thirty-eight  tetrazo  dyes  arranged  according  to  their  hues,  from  green- 
ish yellow,  through  orange  and  scarlet  to  bluish  red ;  then  from  tables  of 
their  compositions  he  indicates  the  influence  exerted  by  different  groups 
in  modifying  the  hue  of  the  dye. 

J.  W.  Smith. 

Sanitary  Chemistry. 

The  Sand  Filtration  of  Water.  By  George  W.  Fuller.  J.  Am. 
Public  Health  Assoc,  1,  64-71.  —  The  author  gives  a  clear  and  concise  state- 
ment of  the  chemical  and  biological  principles  which  govern  the  purification 
of  water  during  its  passage  through  sand  of  a  suitable  character  as  to  size, 
depth,  etc.  These  principles  are  illustrated  by  figures  obtained  during  the 
past  seven  years  at  the  Lawrence  Experiment  Station  in  the  filtration  of  Mer- 
rimack River  water.  These  show  that  98.5  per  cent,  of  the  bacteria  were  re- 
moved by  the  experimental  filters.  There  is  also  given  the  results  of  the 
first  year's  work  of  the  large  filter  bed,  which  filters  some  5,000,000  gallons 
daily,  and  removes  98.3  to  99  per  cent,  of  the  bacteria.  The  supply  of  this 
filtered  water  has  reduced  the  death-rate  of  the  city  of  Lawrence  60  per  cent. 

E.  H.  Richards. 

Report  of  the  Committee  on  the  Pollution  of  Water  Supplies. 
By  Charles  Smart.  J.  Am.  Public  Health  Assoc,  1,  72-82.  —  The  paper 
deals  mainly  with  work  done  abroad,  but  refers  briefly  to  various  experiments 
in  this  country,  and  recommends  a  cooperative  investigation  of  the  various 
groups  of  water  bacteria. 

E.  H.  Richards. 

Pure  Water  versus  Purified  Water  for  Public  Water  Supplies. 
By  Daniel  \V.  Mead.  J.  Am.  Public  Health  Assoc,  I,  49-52.  —  The  author 
pleads  for  the  recognition  by  cities  and  towns  of  the  value  of  expert  advice 
on  these  matters. 

E.  H.  Richards. 

The  Well  Waters  of  Our  Farm  Homesteads.  By  Frank  T. 
Shutt.  J.  Am.  Public  Health  Assoc,  I,  44-48.  This  paper  would  serve 
admirably  as  a  tract  to  be  circulated  all  over  the  country.  The  causes  of 
pollution  and  the  dangers  of  using  these  wells,  with  some  plain  remedies  for 
existing  conditions,  are  very  forcibly  stated. 

E.  H.  Richards. 

The  Cart  Before  the  Horse.  By  Benjamin  Lee.  J.  Am.  Public 
Health  Assoc,  1,  34-37.  The  author  shows  the  folly  of  introducing  an  abun- 
dant water  supply  without  at  the  same  time  providing  a  means  for  the  quick 
removal  of  the  increased  quantity  of  polluted  water. 

E.  H.  Richards. 

Water  Purification.  By  Rudolph  Hering.  J.  Franklin  Institute,  139, 
139-145.  —  This  is  a  clear  and  concise  statement  of  the  present  state  of 
knowledge  on  the  subject,  and  should  be  read  by  all  engineers  who  have 
anything  to  do  with  water  supplies.  It  is  free  from  technical  terms,  and  yet 
maintains  a  scientific  character  throughout.  The  paper  gives  good  classifica- 
tion of  water  fit  for  domestic  use,  and  states  various  means  used  to  improve 
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the  quality  of  water  which  is  not  up  to  standard.  The  methods  are  discussed 
from  a  broad  standpoint,  and  many  facts  of  value  are  brought  together  in 
a  readable  form.  For  instance,  the  author  says :  "  With  respect  to  all  these 
rapid  filters  we  may  say  that  what  is  gained  in  rapidity  is  lost  in  efficiency ; 
...  it  is  true  that  the  character  of  the  water  may  be  greatly  improved,  .  .  . 
but  we  cannot  place  entire  confidence  in  rapid  filtration  for  always  turning 
out  pure  water." 

E.  H.  Richards. 

Improved  Methods  of  Water  Analysis.  By  Irving  A.  Bachman. 
J.  Am.  Chem.  Soc.,  17,  296-303.  —  The  author  is  engaged  in  an  investigation 
of  the  differences  between  malaria-producing  waters  and  good  waters,  and  in 
this  paper  gives  his  experience  in  searching  for  the  best  methods  of  analysis. 
There  is  described,  with  figures,  a  new  arrangement  of  apparatus  for  distilla- 
tion and  one  for  concentration.  The  results  of  a  modification  of  the  Wan- 
klyn  and  of  the  Kjeldahl  processes  are  given,  and  a  good  word  is  spoken  for 
the  Frankland  process.  The  author  seems  to  cling  to  the  old  notion  that 
albuminoid  ammonia  is  the  important  determination  to  make,  and  that  its 
exact  quantitative  estimation  is  worth  a  great  deal  of  trouble.  He  is  appar- 
ently not  familiar  with  the  discussion  of  this  subject  in  the  Reports  of  the 
Massachusetts  State  Board  of  Health,  nor  with  the  manner  of  using  the 
Wanklyn  process  practiced  in  its  laboratory. 

E.  H.  Richards. 

The    Atmosphere    of    a    Large    Manufacturing    City.     Bv  C.  F. 

Mabery.  J.  Am.  Chem.  Soc.,  17,  105-122.  —  The  effect  of  large  manufactur- 
ing industries  concentrated  in  or  near  a  city  on  the  air  of  the  place  has  been 
little  studied  in  this  country.  A  noteworthy  example  of  such  a  study  is  given 
in  the  paper  above  noted.  The  air  about  Cleveland  was  examined,  a  city 
where  more  than  a  million  tons  of  coal,  largely  bituminous,  are  burned  in 
a  year.  The  following  table  is  selected  from  those  given,  in  order  to  show 
the  extent  to  which  the  soot,  or  unconsumed  carbon,  outweighs  all  .the  other 
impurities,  as  well  as  to  indicate  the  careful  and  painstaking  work  of  the  author. 


Weight  soot  per  liter. 

Weight  H2SO,  per  liter. 

Weight  NH,  per  liter. 

1 

2 
3 
4 

5 

0.087S  gram. 
0.0452  gram. 
0.1113  gram. 
0.0418  gram. 

0.0152  gram. 
0.0063  gram. 
0  0212  gram. 
0.0139  gram. 
0.0070  gram. 

0.00007    gram. 
0.00001    gram. 
0.00012    gram. 
0.000003  gram. 

Locality. 

Weather. 

Wind. 

Volume  of  air  at  o° 
and  76  cm.  liters. 

Weight  CO,. 

Weight  soot  in  1,000,000 
cubic  meters. 

1 

Clear. 

N. 

94.0 

0.0034  gram. 

9,S75  grins. 

2 

Clear. 

S.  W. 

70.2 

0.0017  gram. 

6,609  grms. 

3 

Clear. 

N.  W. 

8S.2 

00051  gram. 

15,773  grms. 

5 

Clear. 

s.  w. 

92.5 

0.0042  gram. 

12.3S6  grms. 

5 

Clear. 

N.  W. 

88.7 

0.0005  gram. 

1,53S  grms. 

6 

Cloudy. 

W. 

89.3 

0.0054  gram. 

16,491  grms. 

6 

Clear. 

w. 

91.3 

0.0027  gram. 

8,065  grms. 

8 

Clear. 

N.  W. 

94.3 

0.0053  gram. 

15.330  grms. 

8 

Clear. 

N.  W. 

77.9 

0  0140  gram. 

39,906  grms. 
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He  concludes  the  paper  with  the  following  pertinent  remark :  "  From  the 
results  of  this  examination  it  is  evident  that  a  city  atmosphere  contaminated 
by  the  universal  consumption  of  bituminous  coal  where  no  efforts  are  made 
to  prevent  the  escape  of  soot  soon  reaches  a  stage  in' which  it  is  destructive 
to  property  and  not  conducive  to  health.  In  this  respect  the  atmosphere  of 
Cleveland  is,  doubtless,  no  worse  than  that  of  other  cities,  and  perhaps  in  a 
better  c  -ndition  than  some  that  use  the  same  fuel.  Under  the  usual  condi- 
tions ot  life  in  cities  sanitary  regulations  require  careful  attention  and  con- 
stant supervision." 

E.  H.  Richards. 

The  Synthetic  Food  of  the  Future.  By  Harvey  W.  Wiley.  /.  Am. 
C/iem.  Soc.,  17,  155-178.  —  The  author  sees  no  reason  whatever  for  suppos- 
ing that  the  synthetic  production  of  food  can  ever  become  of  much  economic 
importance. 

E.  H.  Richards 

Coloring  Matter  in  the  California  Red  Wines.  By  W.  D.  Bige- 
low.  J.  Am.  Chem.  Soc.,  17,  213-218.  —  The  author  has  compared  the  be- 
havior of  California  wines  towards  the  reagents  usually  employed  in  testing 
the  coloring  matter  of  European  wines,  and  finds  that  the  former  are  more 
uniform  in  character  and  that  they  do  not  show  any  of  the  color  tests  peculiar 
to  adulterated  wines. 

E.  H.  Richards. 

The  Phosphomolybdic  Acid  Test  as  Applied  to  Lard  Analysis. 
By  George  F.  Tennille.  J.  Am.  Chem.  Soc,  17,  33-41.  —  P.  Welmans 
(Pharm.  Zeit.,  36,  798)  dissolves  1  gram  of  fat  in  5  cc.  chloroform,  adds  2  cc. 
phosphomolybdic  acid  solution,  and  shakes.  The  presence  of  cottonseed 
or  other  vegetable  oil  colors  the  upper  layer  green.  The  addition  of  alkali 
changes  the  green  to  blue.  The  author  has  made  a  critical  examination  of 
this  test,  and  he  finds  that  the  green  and  blue  coloration  is  only  conclusive 
in  the  case  of  crude  cottonseed  oil.  The  more  perfectly  it  is  refined  the  less 
the  coloration ;  therefore  it  would  seem  that  another  instance  is  added  to  the 
already  long  list  of  coloration  tests  for  impurities  in  oils  and  fats  which  have 
not  stood  the  test  of  wider  application.  These  products  are  of  such  a  com- 
plex nature  and  are  liable  to  so  many  changes  in  character  as  the  processes 
of  manufacture  change  that  it  is  not  safe"  to  rely  on  any  one  test.  This  is 
clearly  shown  in  the  paper  in  question.  The  author  discusses  the  iodine 
absorption  figure  and  describes  the  different  methods  of  rendering  lard.  He 
also  gives  some  comparative  figures  as  to  the  behavior  of  the  lards  thus 
obtained,  and  gives  results  on  lard  from  the  different  portions  of  the  body, 
from  which  it  would  appear  that  the  term  "  a  lard  "  must  be  used,  since  each 
part  of  the  animal  seems  to  furnish  fat  of  a  different  character. 

E.  H.  Richards. 

Quick  Estimation  of  Starch.  By  P.  L.  Hibbard.  J.Am.  Chem.  Soc., 
17,  64-68.  —  The  author  uses  cqarsely  pulverized  dry  malt,  which  is  covered 
with  water  containing  from  15  to  20  per  cent,  of  alcohol.  After  a  few  hours 
maceration  the  infusion  is  filtered  off.  The  alcohol  is  used  as  an  antiseptic, 
and  a  solution  containing  20  per  cent,  will  keep  at  least  two  weeks  without 
destroying  the  diastatic  power  of   the  malt  extract.     The  finely  pulverized 


no 
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sample,  which  may  contain  half  a  gram  or  more  of  starch,  is  digested  at  a 
boiling  temperature  with  50  cc.  of  water  and  one  or  two  of  the  malt  extract. 
After  boiling  a  minute  the  mixture  is  cooled  to  500  or  6o°  C,  and  two  or  three 
cubic  cc.  of  malt  are  added.  Then  it  is  heated  slowly  from  ten  to  fifteen 
minutes  until  boiling,  partially  cooled,  and  tested  by  iodine.  If  the  starch 
is  not  all  converted,  the  treatment  must  be  repeated.  Fine  muslin  or  linen  is 
used  for  the  filter.  An  aliquot  part  of  the  filtrate  containing  .2  or  .3  of  a 
gram  of  starch  is  treated  in  a  100  cc.  flask,  with  5  cc.  HC1  containing  30  per 
cent,  acid  gas.  Make  up  with  soda  to  about  60  cc.  Complete  conversion 
occurs  after  boiling  about  thirty  minutes.  If  the  water  bath  is  used,  longer 
time  is  required  and  a  condenser  may  be  necessary.  The  solution  is  nearly 
neutralized  by  sodium  hydrate,  and  the  dextrose  determined  by  Fehling's  solu- 
tion.—  The  method  is  simple,  rapid,  and  fairly  accurate.  The  determination 
of  starch  may  be  easily  finished  in  less  than  two  hours.  It  is  especially  appli- 
cable to  foods  and  residues  from  starch  manufacture.  The  particular  points 
claimed  are  prevention  of  insoluble  clots  by  first  addition  of  malt,  that  is, 
before  heating.  The  rapid  heating  prevents  lactic  acid  fermentation,  which 
may  occur  in  the  use  of  the  older  methods.  The  short  time  of  boiling  gives 
rise  to  a  minimum  of  bodies  other  than  starch  which  might  go  into  solution 
and  form  reducing  sugars. 

E.  H.  Richards. 

Agricultural    Chemistry. 

The  Action  of  Organic  and  Mineral  Acids  upon  Soils.  By  Harry 
Snyder.  J,  Am.  Cketn.  Soc,  17,  148-151.  —  The  soil  examined  was  from  one 
of  the  plots  at  the  Minnesota  Experiment  Station,  and  the  examination  was 
made  in  order  to  decide  upon  the  best  method  of  determining  the  amount  of 
mineral  matter  likely  to  be  rendered  soluble  in  the  course  of  plant  growth, 
and  to  compare  the  effect  of  hydrochloric  acid  with  that  of  the  organic  acids. 
The  following  table  shows  the  amount  in  per  cent,  of  the  various  substances 
dissolved,  and  indicates  that  hydrochloric  acid  of  the  given  strength  may  be 
safely  used. 


Ten  Per  Cent.  Solution  of 


9 


o 


Insoluble  residue 

Potash 

Soda 

Lime 

Magnesia  .... 
Iron  oxide  .... 
Alumina  .... 
Phosphoric  anhydride 
Sulphuric  anhydride 


84.08 
0.30 
0.25 
0.51 
0.26 
2.56 
4.24 
0.23 
0.08 


87.90 
0.12 
0.17 
0.50 
0.27 
1.59 
1.45 
0.26 
0.10 


85.07 
0.18 
0.19 
0.23 
0.21 
1.14 
3.96 
0.14 
0.05 


S7.67 
0.06 
0.05 
0.41 
0.32 
1.62 
1.77 
0.11 
0.06 


S5.93 
0.10 
0.12 
0.45 
0.33 
2.23 
2.99 
0.26 
0.05 


E.  H.  Richards. 
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Vegetable  Chemistry. 

The  Carbohydrates  of  the  Gum  of  Acacia  Decurrens.  By  W.  E. 
Stone.  Am.  Chem.  J.,  17,  196-199.  —  This  gum  is  found  to  be  essentially 
identical  in  composition  with  gum  arabic,  peach  and  cherry  gums.  Like 
these,  it  yields  25.4  per  cent,  of  furfurol  when  distilled  with  hydrochloric  acid 
(sp.gr.  1.06),  1 1.4  per  cent,  inucic  acid  on  heating  with  nitric  acid  (sp.gr. 
1. 15),  and  arabinose,  and  probably  also  galactose,  on  heating  with  very  dilute 
sulphuric  acid. 

•  A.  A.  Noyes. 

Metallurgical  Chemistry  and  Assaying. 

The  Use  of  New  and  Old  Cupels.  By  H.  G.  Torrey.  Eng.  Mining 
J.,  59,  219.  By  W.  II.  Courtis.  Ibid.,  59,  243.  —  Cupels  are  commonly 
air-dried  before  using,  in  order  to  prevent  the  bullion  from  spurting  while  it 
is  being  cupelled.  At  the  United  States  Assay  Office  in  New  York  City- 
three  months  were  always  allowed  for  this  until  Mr.  Torrey's  tests  showed 
that  this  was  unnecessary,  as  out  of  one  thousand  cupels  less  than  a  week 
old  and  one  thousand  one  year  old  the  same  number,  viz.,  1  per  cent., 
spurted.  \V.  M.  Courtis  attributes  the  spurting  to  the  presence  of  organic 
matter  rather  than  to  moisture,  and  says  that  no  spurting  will  occur  if  a 
cupel,  before  charging,  is  first  heated  in  the  muffle  with  a  closed  door  and 
the  door  then  opened  to  burn  off  any  organic  matter.  The  experience  of 
the  Assay  Department  of  the  Massachusetts  Institute  of  Technology  is  the 
same  as  that  of  Mr.  Courtis. 

H.  O.  Hopman. 

A  Possible  Explanation  of  Kernel  Roasting.  By  H.  M.  Howe.  Eng. 
Mining  J.,  59,  104-105,  267.  —  If  copper-bearing  pyritic  ore,  free  from  gangue 
and  in  lump  form,  is  roasted  slowly  in  heaps  or  stalls,  the  bulk  of  the  copper 
of  a  roasted  lump  will  be  found  to  have  been  concentrated  in  the  center  as 
a  kernel  of  sulphide,  and  this  surrounded  by  a  rind  of  ferric  oxide  containing 
only  very  little  copper.  This  concentration  of  the  copper  distributed  pretty 
uniformly  through  the  raw  lump  has  been  attributed  by  Plattner  to  the  great 
fusibility  of  copper  sulphide,  and  his  explanation  is  generally  accepted  to-day; 
but  nobody  has  so  far  given  a  reason  why  plastic  copper  sulphide,  which  was 
at  the  bottom  of  a  lump,  should  travel  upward  or  that  on  the  side  inward. 
Mr.  Howe  accounts  for  it  by  capillarity,  which,  he  says,  causes  the  plastic 
copper  sulphide  to  adhere  to  the  solid,  undecomposed  sulphide  center  within 
and  to  retreat  from  the  porous  ferric  oxide  without.  He  shows  in  the 
second  communication  that  the  explanations  offered  by  H.  G.  Z.  (ibid.,  147) 
and  G.  McRoss  {ibid.,  195)  cannot  be  accepted.  The  former  suggests  an 
outward  travel  of  iron  sulphide.  This  would  not,  however,  effect  an  inward 
travel  of  copper  sulphide.  The  latter  draws  attention  to  the  magnetic  prop- 
erty of  the  kernel,  and  looks  for  the  explanation  in  magnetic  attraction. 
Mr.  Howe  gives  some  experiments  of  his  in  magnetic  concentration  of 
lump-roasted  ore  when  the  iron  oxide  rind  proved  to  be  more  attracted  by 
the  magnet  than  the  rind  ;  he  further  attributes  the  magnetic  property  of 
the  kernel  to  the  iron  sulphide  and  not  to  the  copper  sulphide,  and  shows 
that  the  kernel  is  attracted  by  the  magnet  in  the  same  way  as  are,  e.g.,  iron 
filings,  which  are  magnetizable  but  not  themselves  magnets;  hence  magnet- 
ism cannot  be  the  cause  of  the  copper's  traveling  toward  the  center. 

H.  O.  Hofman. 
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Amalgamation  and  the  Russell  Process  at  the  Blue  Bird  Mill. 
By  T.  H.  Russell.  Eng.  Mining  J.,  59,  99.  —  Mr.  Russell,  referring  to 
a  paper  by  Mr.  C.  A.  Hoyt  (ibid.,  55,  8),  where  the  extraction  of  silver  from 
Blue  Bird  ore  by  amalgamation  is  shown  to  have  varied  from  58.5  per  cent, 
to  80  per  cent.,  while  that  by  the  Russell  process  averaged  84.1  per  cent., 
says  that  these  figures  refer  to  the  time  when  it  was  customary  to  wet  down 
the  roasted  ore  shortly  after  its  discharge  from  the  furnace,  which  changed 
the  form  of  the  silver  in  the  ore  so  as  to  make  it  more  difficult  of  solution 
in  sodium  hyposulphite  than  when  the  ore  was  wetted  down  cold.  In^the 
latter  case  the  silver  extracted  by  amalgamation  was  90  per  cent. 

H.  O.  Hofman. 

Inferences  from  Andrews'  Late  Researches  on  the  Corrosion 
of  Iron.  By  H.  M.  Howe.  Eng.  Mining  J.,  59,  99.  —  Andrews  has  shown 
that  steel  in  its  normal  condition  is  not  so  quickly  attacked  by  sea  water 
as  steel  which  has  been  distorted  cold,  proving  that  the  former  is  electro- 
positive to  the  latter.  The  result  is  that  if  normal  ("  unstrained ")  steel 
is  in  contact  with  distorted  ("  strained  ")  steel  the  total  amount  of  corro- 
sion will  be  increased,  owing  to  their  difference  in  potential.  Strained 
steel  is  mechanically  weaker  than  unstrained.  Mr.  Andrews'  investigations 
show  that  it  also  rusts  quicker;  hence  punched  boiler  plate  will  not  last 
as  long  as  one  that  has  been  drilled,  if  the  strain  is  not  removed  by  annealing 
or  by  reaming  out  the  punched  ring. 

H.  O.  Hofman. 

Cyanogen  Bromide  and  Potassium  Cyanide  for  Dissolving.    By  E. 

A.  Schneider.  Eng.  Mining  J.,  59,  266.  By  H.  L.  Sulman.  Ibid.,  291. —  The 
patentee  of  this  new  solvent  for  gold,  Mr.  H.  L.  Sulman,  says  it  dissolves 
gold  from  three  hundred  to  six  hundred  times  as  fast  as  potassium  cyanide 
does.  He  claims  that  gold  from  sulphides  was  completely  extracted  in 
twenty  hours,  when  it  took  a  week  to  do  the  work  with  potassium  cyanide 
alone.     The  reaction  that  takes  place  is  expressed  by  the  equation  : 

3KCy  +  BrCy  +  An,  =  2KAuCy2  +  KBr, 

and  the  quick  solution  is  attributed  to  the  absence  of  the  potassium  hydroxide 
formed  when  potassium  cyanide  alone  is  used.  In  preparing  the  solvent  the 
cyanogen  bromide  is  added  in  the  proportion  required  by  the  equation  to 
a  solution  of  potassium  cyanide  containing  from  o.  1  to  0.5  per  cent,  of  the 
salt.  Cyanogen  bromide  is  prepared  by  the  action  of  bromine  on  any 
suitable  metallic  cyanide.  Mr.  Schneider  found  independently  that  the  ad- 
dition of  cyanogen  bromide  to  potassium  cyanide  hastens  the  solution  of 
gold,  but  he  also  found  that  the  addition  of  bromine  to  a  potassium  cyanide 
solution  hastens  its  decomposition,  and  therefore  does  not  believe  it  can  be 
made  a  commercial  success. 

H.  O.  Hofman. 

Melting  and  Refining  of  Gold  Bullion.  By  H.  Van  F.  Furman. 
School  Mines  Quart.,  16,  25. — This  is  a  brief  description  of  the  gold-bearing 
material  a  refiner  has  to  deal  with,  of  the  effect  of  impurities  on  the  physical 
properties  of  gold,  and  of  the  operations  of  melting  and  refining  impure  gold 
and  of  sampling  the  bar  into  which  the  refined  gold  is  cast. 

H.  O.  Hofman. 
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Theory  of  Electro-metallurgy.  By  F.  B.  Crocker.  School  Mines 
Quart.,  16,  97-123.  —  The  author  gives  a  short,  concise  review  of  the 
chemical  and  physical  laws  of  electro-metallurgy,  which  he  defines  as  "  that 
branch  of  science  which  relates  to  the  electric  reduction  or  treatment  of 
metals."  The  reprint  of  the  article  in  pamphlet  form  will  be  welcomed 
b\*  metallurgists. 

H.   O.    HoFMAN. 

Improvements  in  Matte  Smelting.  By  H.  Lang.  Mining  Science  and 
Press,  70,  20-2.1.  —  Mr.  Lang  distinguishes  two  processes,  the  "Austin  Proc- 
ess" and  the  ''Gradual  Reduction  Process."  In  the  former  occurs  a  quick 
combustion  of  part  of  the  sulphur  at  the  region  of  the  tuyeres,  followed 
by  fusion,  the  combustion  being  assisted  by  superheated  blast.  Charges 
containing  from  10  to  20  per  cent,  sulphur  have  been  successfully  smelted, 
using  only  from  4  to  5  per  cent.  coke.  The  disadvantage  of  this  process 
is  that  low  grade  matte  results,  as  hardly  any  roasting  of  the  charge  takes 
place  in  the  furnace.  In  the  "General  Reduction  Process"  advocated  by 
Mr.  Lang  the  charge  is  roasted  to  a  considerable  extent  during  its  passage 
through  the  shaft  furnace  previous  to  fusion,  with  the  result  that  a  rich  matte 
is  produced.  Thus  Mr.  Lang  has  obtained  a  concentration  of  twenty  into  one, 
with  ore  containing  20  per  cent,  sulphur,  using  6^  per  cent.  Connellsville  coke 
and  having  only  cold  blast.  He  condemns  water-jackets  and  advocates  brick 
walls  for  his  process,  as  the  temperature  is  not  high  enough  to  warrant  the 
loss  of  heat  caused  by  jackets ;  he  also  prefers  vertical  side  walls  to  a  bosh, 
as  his  aim  is  to  allow  free  oxygen  to  ascend  in  the  shaft  and  roast  the  ore 
before  it  arrives  at  the  zone  of  fusion.  The  losses  in  precious  metal  by 
pyritic  smelting  are  judged  not  to  be  excessive,  as  a  pyritic-smelting  plant 
in  Colorado  competes  successfully  with  silver-lead  smelting  works  for  the 
same  class  of  ores. 

H.   O.    HOFMAN. 

The  Resistance  to  Corrosion  of  Some  Light  Aluminum  Alloys. 
By  J.  W.  Richards.  J.  Franklin  Institute,  1895,  69  ;  Jron  Age,  55,  64. —  The 
researches  described  in  the  paper  refer  to  the  behavior  of  alloys  with  3  per 
cent,  copper,  3  per  cent.  German  silver,  3  per  cent,  nickel,  and  2  per  cent, 
titanium  (all  of  a  specific  gravity  less  than  3),  with  dilute  caustic  potash 
(3  per  cent,  solution,  cold),  dilute  hydrochloric  acid  (3  per  cent,  solution, 
cold),  concentrated  nitric  acid  (cold),  strong  acetic  acid  (6o°  C),  a  strong 
solution  of  common  salt  (650  C),  and  a  solution  of  carbonic  acid  (250  C). 
From  the  numerical  results  given  in  three  tables  the  following  conclusions 
are  drawn :  Alkali  acts  less  on  the  pure  metal  than  on  alloys ;  if  more 
strength  is  wanted  than  the  aluminum  can  furnish,  the  copper  alloy,  as  being 
the  least  attacked,  should  be  chosen.  Hydrochloric  acid  acts  least  on  the 
titanium  alloy,  nitric  acid  on  the  pure  metal.  If  strength  is  wanted  in  con- 
nection with  acetic  acid  the  titanium  alloy  should  be  chosen.  A  salt  solu- 
tion has  but  little  effect  on  the  pure  metal.  Of  the  alloys  the  German 
silver  one  is  the  most  resistant.  A  solution  of  carbonic  acid  shows  the  least 
corrosion  with  titanium  and  copper  alloys. 

H.   O.   HOFMAN. 
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Geological  and  Mineralogical  Chemistry. 

Preliminary  Notice  of  the  Plymouth  Meteorite.     By  Henry  A. 
Ward.     Am.  J.  Set.,  49,  53-55.  —  This  meteorite  was  found  in  1883  five  miles 
southwest  of  Plymouth,  Marshall  County,  Indiana.     The  brief  description  is 
accompanied  by  the  following  analysis,  made  by  Mr.  J.  M.  Davison  : 
Fe,  88.67;  Ni,  855;  Co,  0.66;  Cu,  0.24;  P,  1.25;  Graphite,  0.11 ;  S,  0.07.    Total,  99  55. 

W.  O.  Crosby. 

Constituents  of  the  Canon  Diablo  Meteorite.  By  Orv.ille  A.  Derby. 
Am.  J.  Sa.,  49,  101-1 10.  — The  specimen  analyzed,  weighing  nearly  200  grams, 
was  an  original  fragment  or  part  of  the  Arizona  meteorite,  in  which  diamonds 
were  reported  by  A.  E.  Foote.  After  removing  the  crust  of  rust  by  soaking 
in  strong  acid  and  scraping,  the  meteorite  was  treated  with  cold  dilute  (1  to 
10)  HC1  for  fourteen  weeks,  a  considerable  irregular,  jagged  mass  remaining 
undissolved  at  the  end  of  that  time.  This  undissolved  residue  was  found  to 
consist  of  massive  schreibersite  (  (FeNi)3P),  rhabdite  (another  phosphide,  of 
iron  and  nickel,  a  variety  of  schreibersite),  cohenite  (  (Fe,Ni,Co)3C),  taenite 
(nickeliferous  iron  containing  about  25  per  cent,  of  nickel),  and  a  black  coal- 
like dust.  An  analysis  of  the  solution  gave:  Fe,  91.264;  Ni  and  Co,  8.252; 
P,  0.440  ;  Cu,  0.044.  This  agrees  fairly  well  with  the  composition  of  kama- 
cite  (FeHNi).  The  insoluble  taenite  gave:  Schreibersite,  1.65;  Fe,  66.46; 
Ni,  30.28 ;  Co,  0.68 ;  Cu,  0.32  ;  P,  0.30  =  99.69.  Two  analyses  of  the  co- 
henite gave : 

Fe  Ni  and  Co.  P.  C.  Total. 

I.      92.88  1.33  0.48  5.33  100.02 

II.      91.67  2.43  0.09  6.07  100  26 

The  phosphorus  in  these  results  indicates  that  the  solvent  had  attacked  the 
schreibersite.  Schreibersite  and  rhabdite  are  regarded  as  essentially  iden- 
tical, differing  only  in  the  habit  of  crystallization ;  but  a  third  variety  of  iron 
and  nickel  phosphide  detected  in  this  meteorite  is  shown  to  differ  in  compo- 
sition from  the  others.  It  is  noted  that  the  most  reliable  previous  analyses 
of  meteoric  phosphides  show  very  variable  relative  proportions  of  iron  and 
nickel  and  cobalt  even  in  the  same  meteoric  mass;  and  as  regards  phos- 
phorus, they  may  be  divided  into  two  groups,  a  larger  one  with  about  15  to  16 
per  cent.,  and  a  smaller  one  with  about  12  to  13  per  cent.  The  schreibersite 
of  the  Canon  Diablo  meteorite  belongs  chiefly  in  the  latter  group.  As  in  the 
course  of  this  investigation,  which  was  mainly  undertaken  for  the  purpose  of 
verifying  the  reported  existence  of  the  diamond  in  the  Canon  Diablo  meteor- 
ite, nothing  resembling  that  substance  or  any  other  form  of  free  carbon  could 
be  detected,  it  was  suspected  that  possibly  the  polishing  effect  produced  by 
the  residue  of  the  dissolved  mass  and  attributed  to  the  presence  of  diamond 
dust  might  be  due  to  schreibersite,  which  appears  to  be  hard  enough  to 
scratch  topaz  and  depolish  sapphire. 

W.  O.  Crosby. 

The  Basic  Massive  Rocks  of  the  Lake  Superior  Region.     By  W. 

S.  Bayley.  J.  Geol.,  3,  1-20.  —  This  is  a  continuation  from  the  preceding 
volume  of  a  systematic  petrographic  description  of  the  rocks  indicated  in  the 
title,  and  a  few  only  of  the  component  minerals  were  submitted  to  analysis. 
A  remarkably  fresh  and  transparent  hypersthene  from  the  granulitic  gabbro 
yielded : 

Si02.  AljOs.       FesO,  FeO.  MnO,.        CaO.  MgO.     H,0(:o5°).    Total. 

48.44        7.91        0.33        20.S8       0.92        1.44        19  35        0.08       97.35 
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Two  of  the  hypersthenic  rocks  were  also  analyzed :  I.  Granulitic  hyper- 
sthene-gabbro,  very  rich  in  hypersthene  and  biotite  and  poor  in  feldspar. 
II.  Granulitic  diallage-hypersthene-gabbro ;  diallage  much  more  abundant 
than  hypersthene,  and  no  mica. 
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TiOj. 

Al.O,. 
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II. 
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0.50 

0.67 
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2.967 
W.  O. 

Crosby, 

A  Petrographical  Sketch  of  ^Egina  and  Methana.  By  Henry  S. 
Washington.  J.  Geol.,  3,  138-168.  —  This  is  the  third  and  concluding  part 
of  an  elaborate  study  of  the  igneous  rocks  of  two  Grecian  islands,  and  in- 
cludes the  chemical  discussion.  Complete  analyses  (sixteen  in  number)  are 
given  in  tabular  form  for  all  the  prominent  varieties  of  the  region.  These 
show  a  regular  gradation  in  silica  from  the  most  basic  andesite  (54.53  per 
cent.)  to  the  most  acid  dacite  (68.91  per  cent.)  As  usual  in  the  case  of  vol- 
canoes very  near  the  sea,  chlorine  was  found  in  every  lava  which  was  tested 
for  it.  The  interesting  fact  is  brought  out  that  segregations  in  these  rocks 
are  always  more  basic  than  the  rock  which  contains  them ;  they  are  also  nota- 
bly richer  in  lime  and  magnesia  and  poorer  in  alkalies,  and  these  differences 
are  shown  to  accord  well  with  the  modern  theory  of  magmatic  differentiation. 

W.  O.  Crosby. 

The  Magnesian  Series  of  the  Northwestern  States.  By  C.  W. 
Hall  and  F.  \V.  Sardeson.  Bull.  Geol.  Soc.  Am.,  6,  167-198.  —  The 
magnesian  series  includes  five  formations  —  three  dolomites  and  dolomitic 
shales  and  two  silicious  sandstones.  Enumerated  in  ascending  order,  they 
are:  1.  St.  Lawrence  dolomites  and  shales;  2.  Jordan  sandstone ;  3.  Oneonta 
dolomite ;  4.  New  Richmond  sandstone ;  5.  Shakopee  dolomite.  Following 
the  detailed  description  of  these  strata  is  a  discussion  of  the  genesis  of  the 
series.  The  sandstones  and  shales  present,  in  this  respect,  no  problems  of 
special  interest,  and  the  chief  attention  is  given  to  the  dolomites.  The  his- 
tory of  opinion  concerning  the  origin  of  dolomites  is  briefly  summarized. 
Analyses  are  quoted  to  show  that  while  there  is  approximately  four  times  as 
much  magnesium  salts  in  modern  sea  water  as  there  is  calcium  salts,  recent 
geological  calcareous  sediments  of  marine  origin  contain  on  the  average  only 
2.45  (extremes  1.04  and  5.00)  per  cent,  of  MgCO,  to  92.51  per  cent,  of  CaCO„. 
Believing  that  similar  conditions  must  have  obtained  in  Paleozoic  times,  the 
conclusion  is  reached  that  the  dolomitic  strata  of  the  magnesian  series  of 
the  Northwest  were  first  deposited  as  slightly  magnesian  limestones,  and 
their  conversion  to  nearly  pure  dolomites  is  due  to  a  subsequent  transforma- 
tion. The  question  is  then  raised  as  to  whether  this  change  from  limestone 
to  dolomite  is  due  to  the  introduction  of  more  and  more  MgC03  subsequent 
to  the  formation  of  the  rock,  or  to  the  gradual  removal  of  CaCOs  from  the 
rock  by  differential  erosion.  The  difficulty  of  finding  an  adequate  supply  of 
MgCOj  for  the  first  process,  and  the  fact  that  analyses  of  spring  waters  show 
that  the  proportion  of  CaCOs  dissolved  by  percolating  waters  far  exceeds  that 
of  MgC03,  lead  the  authors  to  accept  the  differential  erosion  theory.     The 
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beginning  of  the  change  from  limestone  to  dolomite  dates  from  the  elevation 
of  the  strata  above  the  sea  or  the  general  drainage  level  of  the  continent;  and 
its  practical  completion  has  involved  not  only  an  enormous  loss  of  CaCOs,  but 
a  corresponding  reduction  of  volume,  one  thousand  feet,  it  is  estimated,  of  the 
original  limestone  being  required  to  form  one  hundred  feet  of  dolomite. 

W.  O.  Crosby. 

Crystalline  Limestones  and  Associated  Rocks  of  the  Northwest- 
ern Adirondack  Region.  By  C.  H.  Smyth,  Jr.  Bull.  Geol.  Soc.  Am.,  6, 
263-284.  —  The  principal  rock  associated  with  the  crystalline  or  sparry  lime- 
stones of  this  region  is  gabbro,  of  three  different  varieties.  The  third  variety 
largely  prevails,  and  is  of  somewhat  unusual  character.  It  varies,  as  the  re- 
sult of  original  magmatic  differentiation,  from  a  nearly  normal  basic  gab- 
bro (I)  to  a  highly  acid  type  consisting  largely  of  microperthite  (II),  and  the 
following  analyses  of  these  extreme  phases  are  given : 

SiO,.  A1,03.  FeO.  MgO.         CaO.  K,0.        Na,0.        H,0.  Total. 

I.    57.00        16.01        10.30        1.62       620       353        4.35        0.15        99.16 
II.    65.65        16.84         4.01        0.13        2.47        5.04        5.27       0.30       99.71 

W.  O.  Crosby. 

Honeycombed  Limestones  in  Lake  Huron.  By  Robert  Bell. 
Bull.  Geol.  Soc.  Am.,  6,  297-304.  —  The  limestones  in  the  bottom  of  a  cer- 
tain portion  of  Lake  Huron,  namely,  that  around  Grand  Manitoulin  Island, 
the  Indian  Peninsula,  and  in  Big  Gap,  which  lies  between  them,  are  under- 
going a  peculiar  kind  of  erosion,  which  may  be  called  honeycombing  and 
pitting.  This  curious  and  possibly  unique  form  of  erosion  affects  various 
kinds  of  limestone  and  dolomite.  The  unaltered  varieties  have  been  com- 
pletely riddled  with  cavities  varying  from  very  small  holes  up  to  3  inches  or 
more  in  diameter,  the  forms  of  the  cavities  varying  from  globular  to  cylindrical 
or  cigar-shaped.  In  altered  or  crystalline  varieties  the  pits  are  mostly  larger 
and  shallower.  The  rocks  affected  by  the  honeycombing  are  so  varied  as 
to  indicate  that  the  erosive  process  is  not  due  to  anything  unusual  in  the 
composition  of  the  rocks,  but  to  some  outside  cause.  The  pitted  character 
of  the  eroded  surface  means,  however,  that  the  rock  varies  in  susceptibility 
to  erosion  at  closely  adjacent  points,  and  this  is  correlated  with  a  faintly 
marked  concretionary  structure.  In  searching  for  the  agent  of  erosion,  bor- 
ing mollusks,  sponges,  and  algae,  and  the  wearing  action  of  pebbles  are  duly 
considered  and  rejected,  and  the  conclusion  is  reached  that  the  action  is 
purely  chemical  and  due  to  acid  water.  In  other  words,  the  pitting  is  due 
to  the  differential  solubility  of  the  limestone  in  the  water  of  the  lake. 
Although  the  water  of  this  part  of  Lake  Huron  has  not  been  analyzed,  it 
appears  to  contain  a  notable  proportion  of  free  sulphuric  acid.  It  reddens 
litmus,  and  its  corroding  action  on  tin  vessels  is  a  source  of  annoyance  to 
those  who  use  the  water  for  domestic  purposes.  The  water  of  this  portion 
of  the  lake  is  distinctly  harder  than  elsewhere,  probably  owing  to  the  pres- 
ence of  sulphate  of  lime,  which  has  resulted  from  the  reaction  of  ferrous  sul- 
phate with  calcium  carbonate.  The  source  of  the  sulphuric  acid  is  found  in 
the  oxidation  of  sulphides  —  pyrite,  pyrrhotite,  etc.  —  contained  in  excep- 
tional abundance  in  the  Huronian  rocks  north  of  Lake  Huron. 

\V.  O.  Crosby. 
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Disintegration  of  the  Granitic  Rocks  of  the  District  of  Columbia. 
By  Gkorge  P.  Merrill.  Bull.  Geol.  Soc.  Am.,  6,  321-332.  —  From  one 
of  the  numerous  sections,  where  the  hard,  unaltered  rocks  can  be  seen  to 
pass  gradually  upward  into  good,  arable  soil,  three  samples  were  selected  for 
analysis,  as  follows:  (I)  Fresh  gray  granite,  consisting  of  both  potash  and 
soda-lime  feldspars,  quartz,  and  black  mica,  with  some  epidote,  apatite,  white 
mica  (sericite),  black  tourmaline,  and  iron  oxides;  (II)  the  same  rock,  where 
decomposed  and  brown,  but  still  moderately  firm;  (III)  the  surface  soil,  on 
which  vegetation  was  growing.  Bulk  analyses  of  each  of  these  three  types 
show  that  the  transition  from  fresh  rock  to  soil  has  involved  only  slight 
changes  in  ultimate  chemical  composition,  consisting  only  in  the  addition  of 
3.5  per  cent,  of  water,  the  change  of  the  ferrous  oxide  to  ferric,  and  a  slight 
decrease  in  the  total  amounts  of  silica,  lime,  potash,  and  soda.  It  thus  be- 
comes evident  that  the  alteration  is  chiefly  a  physical  process.  In  the  further 
investigation  of  the  problem  samples  of  the  soil  were  treated  for  a  period  of 
ten  days  with  (1)  cold  distilled  water;  (2)  cold  distilled  water  through  which 
carbonic  acid  gas  was  kept  bubbling;  (3)  acetic  acid;  and  (4)  hydrochloric 
acid  of  one  fourth  normal  strength.  The  first  two  agents  removed  slight 
traces  only  of  the  more  soluble  constituents;  the  third,  less  than  0.1  per 
cent. ;  and  the  fourth,  3.6  per  cent,  (chiefly  alumina  and  ferric  oxide).  Analy- 
ses from  other  localities  are  introduced  for  comparison,  and  it  is  shown  that 
the  decay  of  the  granite,  which  is  due  to  disintegration  quite  as  much  as  to 
decomposition,  has  taken  place  wholly  during  post-Cretaceous  time.  The 
various  causes  of  disintegration,  physical  and  chemical,  such  as  changes  of 
temperature,  oxidation,  hydration,  and  solution,  are  examined,  and  hydra- 
tion is  found  to  be  the  most  pronounced  and  universal.  Hydration  involves 
expansion,  and,  since  the  various  minerals  must  expand  unequally,  disinte- 
gration results.  The  average  amount  of  expansion  involved  in  the  passage 
of  fresh  granite  to  soil  is  found  to  be,  approximately,  1.88. 

\V.  O.  Crosby. 

Composition  of  the  Cleaned  Ores  of  Lead  and  Zinc  Produced 
at  Aurora,  Mo.  By  H.  G.  Spencer.  Bull.  Missouri  Mining  Club,  1,  28- 
33.  —  Complete  analyses  (with  the  exception  of  cadmium,  arsenic,  and  lime) 
are  given  of  the  galena,  calamine,  and  blende  produced  by  the  various  mines 
in  the  vicinity  of  Aurora.  Each  analysis  is  accompanied  by  the  average  price 
paid  for  the  ore  which  it  represents,  the  primary  object  of  the  investigation 
being  to  secure  uniform  and  reasonable  prices  for  the  producers. 

W.  O.  Crosby. 

Analysis  of  Cretaceous  Clays  from  Long  Island.  By  C.  H.  Jouet. 
School  Mines  Quart.,  16,  149.  —  Complete  analyses  of  three  silicious  clays 
from  the  Cretaceous  beds  in  the  vicinity  of  Northport  and  Sea  Cliff,  Long 
Island. 

W.  O.  Crosby. 

The  Costilla  Meteorite.  By  R.  C.  Hills.  Proc.  Colorado  Set.  Soc., 
Jan.  7,  1895.  — A  brief  description  of  this  meteorite,  which  was  found  in  1881 
on  Costilla  Peak  in  Southern  Colorado  and  weighs  78  pounds,  is  accompanied 
by  an  analysis  showing:  Fe,  91.65;  Ni,  7.71  ;  Co,  0.44;  P,  0.10;  S,  0.26. 
Total,  100.16.  The  sulphur  and  phosphorus  are  ascribed  to  troilite  and 
schreibersite,  both  of  which  were  observed  on  the  etched  surface. 

W.  O.  Crosby. 
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On  the  Origin  of  Gold  Nuggets.  By  A.  Liversidge.  Canadian  Min- 
ing Review,  13,  251-252;  14,  24-25.  —  The  author  summarizes  the  somewhat 
extensive  literature  of  this  subject  and  examines  critically  the  numerous  ob- 
servations and  experiments  which  have  been  supposed  to  lend  support  to 
theories  of  the  origin  of  nuggets  and  placer  gold.  He  then  describes  in 
detail  a  series  of  original  experiments  designed  to  test  the  general  theory 
that  nuggets  grow  in  the  placer  deposits  and  are  due  in  part  or  wholly  to 
the  chemical  deposition  of  gold  from  percolating  waters.  Various  sulphides 
(pyrite,  galena,  etc.)  were  found  to  precipitate  gold  from  a  solution  of  the 
double  chloride  of  gold  and  sodium.  Gold  nuclei  of  various  kinds,  such 
as  thin  strips  of  chemically  pure  gold  from  the  mint,  nuggets  and  grains 
of  placer  gold,  gold  in  quartz,  etc.,  were  immersed  for  periods  of  from  58  to 
273  days  in  the  gold  chloride  solution.  More  or  less  gold  was  usually  pre- 
cipitated, but  it  never  became  adherent  to  the  nucleus,  and  the  weight  of  the 
latter  was  usually  slightly  diminished  and  never  increased.  Various  organic 
reducing  agents  were  employed  in  these  experiments,  such  as  cork,  paper, 
etc.  Other  experiments  show  that  gold  is  also  deposited  when  the  nucleal 
mass  is  in  contact  not  only  with  metalliferous  sulphides  and  arsenides,  which 
form  strong  galvanic  couples,  but  also  with  such  substances  as  iron  oxides, 
charcoal,  graphite,  sandstone,  granite,  quartz,  clay,  and  marble,  which  form 
but  weak  galvanic  couples  with  the  gold  nucleus.  The  author  follows 
several  previous  writers  in  attributing  the  higher  average  purity  or  fine- 
ness of  placer  as  compared  with  vein  gold  to  the  solution  by  percolating 
waters  of  silver  and  other  impurities,  and  it  is  shown  that  gold  dust,  ex- 
posing relatively  more  surface,  is  finer  than  nuggets.  The  general  con- 
clusion reached  is  that,  while  nuggets  can  undoubtedly  be  obtained  arti- 
ficially along  the  lines  of  his  experiments,  and  gold  is  being  chemically 
deposited  in  placers,  the  large  nuggets  of  placers  have  not  been  formed  in 
this  way,  although  the  finer  grains  and  dust  may  have  been  appreciably  thus 
enlarged. 

W.  O.  Crosby. 

Diabase  Dykes  in  the  Sudbury  (Ontario)  Region.  By  T.  L.  Walker. 
Canadian  Mining  Review,  14,  25-26  ;  43-44.  — These  dikes  form  a  series  cut- 
ting the  various  members  of  the  Huronian  formation  approximately  at  right 
angles.  They  vary  in  width  from  a  few  feet  to  50  yards,  and  weather  in  sphe- 
roidal fashion  to  a  deep  brown  earth.  A  detailed  account  of  the  microscopic 
features  and  contact  phenomena  is  followed  by  a  complete  chemical  analysis, 
and  two  analyses  of  the  diabases  of  other  regions  are  quoted  for  comparison. 
The  distinguishing  features  of  the  Sudbury  diabase  are  the  large  proportions 
of  ferrous  oxide  and  titanium.  The  titanium  occurs  partly  in  the  augite,  and 
gives  it  a  violet  color.  Traces  of  nickel,  cobalt,  and  copper,  the  metals  whose 
ores  are  so  extensively  mined  in  the  Sudbury  district,  were  found,  and  also  a 
trace  of  barium,  which  element,  it  is  noted,  is  of  much  commoner  occurrence 
in  rocks  than  was  formerly  supposed.  In  referring  to  the  nickel  the  author 
says  that,  although  the  proportion  may  seem  to  be  trifling  (.0275  per  cent.), 
there  is  more  nickel  in  one  of  these  dikes  than  in  the  best  nickel  mine  in  the 
Sudbury  region;  but  it  is,  of  course,  valueless  from  lack  of  concentration. 

W.  O.  Crosby. 
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Apparatus. 

A  New  Form  of  Water-Oven  and  Still.  By  Hoffmann  and 
Hochstetter.  J.  Am.  Chem.  Soc,  17,  122-124.  —  The  apparatus  consists  of 
the  usual  form  of  water-oven,  the  heating  surface  of  which  is  very  largely 
increased  by  pipes  through  which  the  water  circulates,  similar  to  the  water 
tube  boilers.  This  provides  perfect  circulation,  and  the  steam  formed  passes 
into  a  block  tin  worm  and  is  condensed ;  the  cooling  water  from  this  con- 
denser passes  into  the  oven  free  from  sediment  and  almost  at  the  boiling 
temperature.  The  arrangement  makes  steam  in  four  minutes  and  furnishes 
thirteen  and  one  half  gallons  in  twenty-four  hours  with  a  Bunsen  burner, 
using  three  feet  of  gas  per  hour.  The  exact  arrangement  is  shown  by  a  cut 
accompanying  the  article. 

A.  H.  Gill. 

Hydrogen  Gas  Apparatus  for  the  United  States'  Signal  Service. 
By  O.  Chanute.  Am.  Eng.  R.  R.  J.,  69,  46-47.  —  Sheet  iron,  lead-lined 
tanks  of  twelve,  sixty,  and  seventy-two  gallons'  capacity  are  used  for  the  sul- 
phuric acid,  water,  and  diluted  acid,  respectively.  The  acid  runs  into  the 
bottom  of  the  generator,  an  elongated  lead-lined  funnel  4  feet  by  2  feet  in 
diameter;  this  is  fitted  with  a  round,  movable  cover,  provided  with  a  12- 
inch  water  seal,  an  overflow  bowl,  and  a  waste  pipe  for  the  spent  acid.  The 
hydrogen  is  washed  with  water,  dried  by  quicklime,  and  passed  into  a  1,000 
cubic  foot  gas  holder.  The  larger  parts  of  the  apparatus  are  built  of  sheet 
iron  No.  16  B.  W.  G.,  with  riveted  and  calked  joints;  the  smaller  parts  are 
of  No.  14  B.  VV.  G.  iron ;  the  lead  used  weighs  six  pounds  to  the  square  foot. 
The  whole  apparatus  is  so  arranged  that  the  parts  fit  one  inside  the  other  for 
convenience  in  transportation.  It  is  used  for  making  hydrogen  for  inflating 
balloons.  It  is  connected  with  a  specially  constructed  condensing  pump,  com- 
pressing 1000  cubic  feet  to  101  atmospheres  in  101  minutes,  or  to  121  atmos- 
pheres in  two  hours. 

A.  H.  Gill. 
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Thursday,  April  11,  1895. 

The  472d  meeting  of  the  Society  of  Arts  was  held  at  the 
Institute  this  day  at  8  p.m.,  Mr.  N.  M.  Lowe  in  the  chair. 

The  records  of  the  470th  and  471st  meetings  were  read  and 
approved.  Messrs.  Henry  S.  Adams,  of  Arlington,  C.  H.  Blackall, 
of  Boston,  Albert  E.  Leach,  of  Newtonville,  Frederick  C.  Moody,  of 
Boston,  and  A.  C.  Thomson,  of  Brookline,  were  duly  elected  Associ- 
ate Members  of  the  Society. 

The  following  paper  was  read  by  title  : 

"A  Discussion  of  State  Legislation  on  Highways  in  the  United 
States,"  by  General  Roy  Stone. 

Professor  G.  F.  H.  Markoe,  of  Boston,  read  a  paper  on  "  Essential 
Oils  and  their  Applications  in  the  Arts,  especially  in  the  Manufacture 
of  Perfumes."  A  large  collection  of  recent  synthetic  products  was 
shown.     The  meeting  then  adjourned. 


122  Proceedings  of  the  Society  of  Arts. 

Thursday,  April  25,  1895. 

The  473d  meeting  of  the  Society  of  Arts  was  held  at  the 
Institute  this  day  at  8  p.m.,  President  Walker  in  the  chair. 

The  records  of  the  previous  meeting  were  read  and  approved. 

Voted,  that  a  committee  of  five  be  appointed  by  the  chair  to  nom- 
inate candidates  for  the  Executive  Committee  for  the  next  year.  The 
President  appointed  as  such  committee,  Messrs.  Desmond  FitzGerald, 
A.  Lawrence  Rotch,  Franklin  W.  Hobbs,  Robert  Batcheller,  and  Dr. 
R.  P.  Bigelow. 

Mr.  Simeon  C.  Keith,  Jr.,  of  the  Institute,  then  read  a  paper  on 
"  Microorganisms  of  Fermentation  and  the  Danish  System  of  Pure 
Yeast  Culture,"  illustrated  with  the  lantern.     Adjourned. 


Thursday,  May  9,  1895. 

The  474th  and  33d  annual  meeting  of  the  Society  of  Arts  was 
held  at  the  Institute  this  day  at  8  p.m.,  President  Walker  in  the  chair. 

The  records  of  the  previous  meeting  were  read  and  approved. 

The  Chairman  of  the  Nominating  Committee  reported  the  fol- 
lowing nominations  for  Executive  Committee  for  the  ensuing  year  : 
George  W.  Blodgett,  Chairman,  C.  J.  H.  Woodbury,  Henry  M.  Howe, 
Henry  H.  Carter,  and  Walter  S.  Allen. 

The  Chairman  of  the  Executive  Committee  reported  that  the  com- 
mittee nominated  Clement  W.  Andrews  for  Secretary  for  the  ensuing 
year. 

The  reports  were  accepted,  the  Society  proceeded  to  ballot,  and 
these  gentlemen  were  declared  duly  elected. 

The  report  of  the  Executive  Committee  was  read,  in  part,  as 
follows  : 

The  Executive  Committee  of  the  Society  of  Arts  present  the 
following  as  their  report  for  the  33d  year: 

One  year  since  there  were  75  life  members  and  148  associate 
members,  223  in  all.  Of  the  life  members,  5  have  died  ;  one  person 
has  become  a  life  member  by  the  operation  of  the  By-Laws,  and  the 
present  number  is  71. 

Of  148  associate  members  in  May,  1894,  one  has  become  a  life 
member  by  the  operation  of  the  By-Laws,  12  have  resigned,  and  2 
have  died ;  48  new  members  have  been  elected,  and  the  associate  mem- 
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bership  at  present  numbers  181 — again  of  33.  The  total  member- 
ship is  now  252.  Compared  with  last  year  there  is  a  gain  of  29,  or 
13  per  cent. 

The  attendance  has  ranged  from  30  to  240  persons  in  13  meetings, 
and  the  average  has  been  75. 

The  Executive  Committee  feel  that  the  Society  ought  to  have  a 
much  larger  membership,  and  they,  therefore,  request  each  member 
of  the  Society  to  send  to  the  Secretary  the  names  of  such  suitable 
persons  among  his  acquaintance  as  he  may  find  disposed  to  become 
members,  that  they  may  be  acted  upon  by  the  Executive  Committee. 

They  would  also  invite  a  more  full  discussion  of  the  papers  read 
and  topics  presented  before  the  Society. 

For  the  Executive  Committee, 

(Signed)  George  W.  Blodgett,  Chairman. 


The  report  was  accepted  and  ordered  to  be  placed  on  file.  The 
report  of  the  Meteorological  Committee  was  read  as  follows : 

Boston,  May  9,  1895. 

The  three  members  of  the  Meteorological  Committee  have  to- 
gether inspected  the  station  of  the  Weather  Bureau  in  this  city. 
As  a  part  of  their  report  to  the  Society  of  Arts  they  present  an 
abstract  from  the  report  of  the  committee  to  the  chief  of  the 
Weather  Bureau : 

"  We  have  the  pleasure  of  reporting  that  it  presented  to  us  the 
appearance  of  being  kept  and  conducted  in  a  very  orderly  and  satis- 
factory manner.  We  believe  the  work  performed  is  commendable  both 
for  its  quality  and  its  quantity,  and  we  also  believe  it  is  giving  good 
satisfaction  to  those  in  this  vicinity  who  are  competent  to  judge  of  its 
merits  who  may  be  benefited  by  its  results." 

"One  of  the  features  of  the  work  which  we  wish  specially  to  com- 
mend is  the  liberal  distribution  of  the  Daily  Weather  Maps.  We 
understand  that  the  people  are  learning  to  appreciate  these  more  and 
more  highly,  and  that  the  demand  for  them  is  constantly  increasing. 
We  are  pleased  to  know  that  the  official  in  charge  of  the  station  has 
plans  in  progress  for  improvements,  which,  if  successful,  will  increase 
the  rapidity  with  which  the  maps  may  be  printed,  and  will  decrease 
the  cost  by  diminishing  their  size  without  thereby  impairing  their  legi- 
bility. If  his  experiments  demonstrate  the  superior  efficiency  of  either 
of  the  processes  proposed,  we  hope  the  Bureau  will  grant  Mr.  Smith 
the  opportunity  of  putting  it  in  practice  at  this  station  at  which  the 
first  local  weather  maps  were  produced." 

In  their  report  the  members  of  the  committee  have  called  special 
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attention  to  the  emphatic  need  of  better  light  in  one  of  the  rooms  of 
the  station,  and  strongly  urged  that  if  a  plan  for  its  improvement, 
which  has  been  submitted,  is  deemed  satisfactory,  its  adoption  be  not 
longer  delayed  than  is  necessary. 

Respectfully  submitted, 

(Signed)         William  H.  Niles, 
George  L.  Roberts, 
A.   Lawrence   Rotch, 


Meteorological  Committee. 


The  report  was  accepted  and  ordered  to  be  placed  on  file,  and  the 
same  committee  was  continued. 

William  J.  Jenks,  Esq.,  of  New  York,  Mrs.  Ellen  H.  Richards,  of 
Boston,  and  Mr.  G.  V.  Wendell,  of  Boston,  were  duly  elected  Asso- 
ciate Members  of  the  Society. 

No  other  business  coming  before  the  Society,  the  President  intro- 
duced Mr.  Henry  E.  Warren,  of  Newton,  who  described  and  showed 
in  operation  the  "  Thermophone,"  a  new  instrument  for  determining 
the  temperature  of  a  distant  or  inaccessible  place.  A  paper  on  the 
subject,  by  Messrs.  Warren  and  Whipple,  is  published  in  the  present 
number  of  the  Quarterly. 

The  President  then  introduced  Mr.  S.  P.  Fergusson,  of  the  Blue 
Hill  Observatory,  who  exhibited  and  explained  the  meteorograph  re- 
cently constructed  by  him  for  the  Harvard  Observatory  station  on 
El  Misti,  Peru.  Mr.  A.  Lawrence  Rotch  described  briefly  this  mete- 
orological station  and  a  similar  one  on  the  summit  of  Mont  Blanc, 
with  lantern  views. 

After  a  general  discussion  the  President  extended  the  thanks  of 
the  Society  to  the  speakers,  and  declared  the  meeting  adjourned. 

Clement  W.  Andrews,   Secretary. 
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THE    THERMOPHONE,  A    NEW  INSTRUMENT  FOR 
DETERMINING    TEMPERATURES. 

By   HENRY   E.  WARREN,  S.B.,  and  GEORGE   C.  WHIPPLE,   S.B. 
Read  May  g,  1895. 

The  thermophone  is  an  instrument  for  measuring  temperature, 
particularly  the  temperature  of  a  distant  or  inaccessible  place.  It 
was  devised  by  the  writers  in  1894  for  the  purpose  of  obtaining  the 
temperature  of  the  water  at  the  bottom  of  a  pond.  The  first  experi- 
ments were  so  successful  that  we  were  encouraged  to  study  further 
into  the  capabilities  of  the  instrument  with  a  view  to  adapting  it 
to  various  scientific  and  commercial  uses.  Some  of  the  results  of  our 
studies  and  experiments  are  presented  in  this  paper. 

Electrical  thermometers  may  be  divided  into  two  classes  —  thermal- 
contact,  and  resistance. 

The  well-known    Le   Chatelier  pyrometer  illustrates  the  thermal- 
contact    method    in    the  simplest    manner.      Two   wires    or    strips    of 
dissimilar  metals  are  joined  together  at  one  extremity.     Their  other 
ends  are  then   connected   with  a  galvanometer  by  means  of  co 
leading  wires.     As  thus  arranged  a  current  is  found  to  flow 
the  system  whenever  there   is  a  difference   of   temperature 
the  junction  of  the  dissimilar  metals  and  the  meai 
other  ends  of  the  same.     The  strength  - 

directly  with  the  difference  of  texnu^^pr  <_-cl,  -with   the 

aid  of  a  galvanometer,  to  me;  :ference.     In 

practice  the  ends  connected  to  the  h  fires  arc  kept  at  a  nearly 

constant  temperature  by  putt  in,  in  an   empty  bottle   or   other 

inclosed  air  space.  As  the  instrument,  is  almost  always  used  for  very 
high  temperatures  it  is  often  assumed  that  the  temperature  of  these 
junctions  is  that  of  an  ordinary  living  room,  say  700  F.  Of  course  an 
error  of  a  few  degrees  in  this  assumption  makes  little  difference  when 
the  other  ends  of  the  wires  are  at  a  temperature  of  several  hundred 
degrees.     On  account   of  the  necessary  preliminary  calibration   it   is 
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difficult,  if  not  impossible,  to  measure  temperatures  as  high  as  i,ooo° 
C.  within  io°.  The  ultimate  standard  is  the  air  thermometer,  an 
extremely  fussy  instrument  to  use.  In  this  thermal-contact  method 
the  very  small  space  taken  up  by  the  junction  of  the  two  wires  and 
the  simplicity  of  the  apparatus  make  it  valuable  for  obtaining  high 
temperatures  ;  indeed,  the  junction  itself  may  be  plunged  into  molten 
metal  without  affecting  the  accuracy  of  the  instrument  in  the  least. 
The  greatest  objections,  perhaps,  are  the  necessity  for  a  sensitive 
galvanometer,  and  the  space  taken  up  by  the  same,  and  the  occasional 
breaking  of  the  wires,  which  necessitates  recalibration.  The  instru- 
ment is  not  well  adapted  for  obtaining  temperatures  at  any  great 
distance.  Ordinarily,  when  platinum  and  platinum-iridium  wires  are 
used,  the  curve  representing  the  relation  between  temperature  and 

galvanometer  deflections  is 
nearly  a  straight  line  for 
temperatures  higher  than 
4000  C. 

The     thermopile     is     an 
ancient    and    little    used   in- 
strument     for     determining 
slight    changes    in    tempera- 
ture.      It    is    the    same    in 
principle    as    the    foregoing, 
but    instead    of     using    the 
junction    of    two    dissimilar 
strips  a  great  many  such  strips  are  connected  up  in  series,  just  as  the 
?inc  and  carbon  plates  of  a  battery  are  connected.     There  are  thus 
two  junctions,  with  a  large  number  of  wires  running  between. 

Each  pair  of  junctions  adds  its  electromotive  force  to  the  others,  and 
the  result  is  an  extremely  sensitive  instrument.  Of  course  the  read- 
ings depend  upon  the  difference  of  tear,  ei  iture  between  the  two  sets 
of  junctions,  and  are  of  no  value  for  g  cting  absolute  results.  The 
method  has  been  used  almost  exclusively  for  qualitative  work. 

Before  proceeding  to  a  description  of  some  of  the  resistance 
thermometers  that  have  been  made  it  will  be  well  to  consider  an 
instrument  universally  used  by  electricians  for  the  measurement  of 
resistances,  namely,  the  Wheatstone's  bridge.  This  consists  of  an 
arrangement  of  resistances  and  conductors  as  shown  in  Figure  1. 
The  circuit  of  a  battery,  B,  is  divided  between  a  and  d  in  such  a 
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manner  thasflpjlortion  of  the  current  is  obliged  to  pass  through  acd 
and  the  inserted  resistances  N  and  Y,  while  the  remainder  of  the 
current  passes  through  abd  and  the  resistances  M  and  X.  The  points 
b  and  c  are  connected  by  a  circuit,  in  which  is  placed  a  galvanometer, 
G.  By  means  of  Ohm's  law  it  can  be  shown  that  when  the  ratio 
of  the  resistances  M  to  N  is  the  same  as  that  of  X  to  Y  the  potential 
at  b  will  be  the  same  as  that  at  c,  and  no  current  will  pass  through  the 
circuit  connecting  those  two  points ;  consequently  the  galvanometer, 
G,  will  show  no  deflection.  In  that  condition  the  bridge  is  said  to 
be  balanced,  and  any  one  of  the  resistances  M,  N,  X,  or  Y  may  be 
calculated  if  the  other  three  are  known. 

Many  resistance  methods  for  the  determination  of  temperature 
have  been  used.  All  depend  upon  the  fact  that  the  resistance  of  any 
substance  to  the  electric  current  varies  with  the  temperature  of  the 
conductor.  Therefore  it  is  readily  seen  that  any  apparatus  capable  of 
measuring  the  resistance  of  a  material  may  also  be  used  to  measure  its 
temperature,  because  one  is  a  function  of  the  other. 

The  simplest  apparatus  for  measuring  temperatures  is  an  ordinary 
Wheatstone's  bridge,  such  as  has  been  already  described.  A  coil  of 
insulated  copper,  iron,  or  platinum  wire  is  connected  to  the  rest 
of  the  bridge  by  heavy  leading  wires.  The  resistance  of  this  coil 
is  measured  at  a  given  temperature,  say  o°  C.  Then  its  resistance 
at  other  temperatures  may  be  determined  by  experiment  or  by  calcu- 
lation. A  curve  showing  the  relation  between  the  temperature  and 
resistance  is  usually  drawn.  For  certain  kinds  of  work,  where  ti 
is  no  object,  this  arrangement  answers  well.  It  is  necessary,  howe 
to  use  a  thermometer  in  connection  with  the  brid- 
obtain  absolute  results,  for  the  resistance  oi   th< 

with   the    temperature.      For    measuring  a   distance 

there   is  a   serious   difficulty  in   the  method    on    account 

of  errors  introduced    by  the  change  .perature    of   the   leading 

wires.      These  wires  are  !y  made  of  copper,  on  account  of  its 

low  specific  resistance.  As  this  substance  changes  its  temperature 
at  the  rate  of  about  1  per  cent,  for  every  5°  F.,  it  is  easily  seen  that 
considerable  changes  in  its  resistance  are  liable  to  take  place. 

A  very  great  improvement  over  this  primitive  arrangement  was 
suggested  by  Siemens  in  1883.  His  idea  was  to  eliminate  the  errors 
introduced  by  the  leading  wires  by  making  one  of  them  compensate 
for  the   other.      This   he   did    in   the    simplest    possible    manner   by 
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running  the  wire  which  connects  one  pole  of  the  battery,  ordinarily 
with  a  point  on  the  line  wire  near  one  of  the  bridge  coils,  to  the 
distant  end  of  the  same  line  wire,  thus  throwing  it  into  the  other  side 
of  the  bridge.  As  a  result,  any  change  in  temperature  caused  one 
lead  wire  to  pull  the  reading  of  the  instrument  in  one  direction  and 
the  other  wire  to  pull  it  in  the  opposite  direction. 

Figure  2  represents  Siemens'  arrangement  as  used  on  the  Chal- 
lenger expedition  of  1884.     The  temperature  coil,  A,  and  a  coil,  B, 

equal  in  resistance  to  A  and 
fy/|  constructed  of  the  same  ma- 

terial, were  put  into  adja- 
cent arms  of  a  Wheatstone's 
bridge.  The  other  two  arms, 
C  and  D,  were  made  equal 
to  each  other.  A  sensitive 
galvanometer,  G,  was  used 
to  indicate  when  a  balance 
of  the  bridge  had  been  ob- 
tained. The  plan  of  pro- 
cedure was  to  immerse  the 
coil  B  in  a  tank  of  water 
while  the  coil  A  was  lowered 
into  the  sea.  In  order  to  find  the  temperature  of  the 
coil  A  it  was  only  necessary  to  make  the  temperature 
of  the  water  in  the  tank  in  which  the  coil  B  was  im- 
mersed such  that  there  was  no  deflection  of  the  galva- 
nometer. Evidently  this  temperature  was  exactly  equal 
to  that  of  the  coil  A ;  for,  by  assumption,  the  coils 
and  B  were  equal  in  resistance  only  when  at  the 
same  temperature.  The  two  leading  wires  were  always 
of  equal  resistance,  being  twisted  together  and  having,  therefore, 
the  same  average  temperature.  Good  results  may  undoubtedly  be 
obtained  by  this  method  if  the  operator  has  sufficient .  patience.  It 
is  slow  work,  however,  for  the  tank  of  water  must  be  adjusted  in 
temperature  gradually  and  with  great  care.  A  mercurial  thermom- 
eter must  be  used  to  determine  the  temperature  of  the  water  in 
the  tank.  The  apparatus  is  not  at  all  portable.  It  was  estimated 
on  the  Challenger  expedition  that  five  minutes  were  consumed  in 
setting  and  five  minutes  more  in  reading. 

An  improvement  over  Siemens'  apparatus  was  made  by  Hugh  Cal- 
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lendar  in  1887.     A  simplified  diagram  of  his  arrangement  is  shown  in 
Figure  3. 

Two  coils,  A  and  B,  of  the  same  metal  —  copper,  for  instance  — 
were  arranged  on  diagonally  opposite  sides  of  a  Wheatstone's  bridge. 
These  coils  were  exactly  equal  in  resistance  when  at  the  same  tem- 


A      B 

Cu.         G.S. 


Fig.  4. 


perature.  The  resistances  C  and  D,  by 
a  double  slide  wire,  were  always  ex- 
actly equal  the  one  to  the  other,  though 
variable.  With  this  arrangement  it  can 
be  shown  that  the  bridge  will  balance  only  when  A,  B,  C,  and  D 
are  all  equal.  A  -f-  B  is  a  function  of  the  temperature ;  but  A 
-f-  B  =  C  +  D  and  C  -f-  D  may  be  read  from  a  scale  under  the 
slide  wire.  Therefore  the  scale  reading  is  a  function  of  the  tem- 
perature of  A  and  B.  The  leading  wires,  L,  L',  produce  no  effect 
on  the  result.  By  this  means  absolute  and  not  relative  measurements 
may  be  obtained,  but  the  apparatus  is  complex  and  expensive. 

The  apparatus  invented  by  the  authors  of  this  paper  resembles 
Siemens'  more  than  any  other.  We  have  taken  advantage  of  the 
fact  that  different  metals  have  different  electrical  temperature  coef- 
ficients.    The  general  arrangement  is  illustrated  by  Figure  4. 
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A  and   B  are   coils  of  different   metals  placed   in   proximity  and 

joined  together  as  shown  in  the  figure.     These  coils   are  connected 

to  a  circular  slide  wire,  CD,  by  means  of  the  leading  wires,  L  and  L'. 

The  two  ends  of  CD  are  put  in  circuit  with  a  battery,  M.     A  gal- 

vanoscope,  G,  is  put  into  a  leading  wire  connecting  the  junction  of 

A  and  B  with  a  movable  contact,  Y,  on  the  slide  wire.      The  galvan- 

oscope  will  indicate  that  no  current  is  passing  through  this  third  lead- 

A  CY 

ing  wire  when  _    =  -__.      But  A  and  B,  having  different  temperature 
B  DY 

coefficients,  will  vary  in  resistance  at  different  rates  with  changes  in 

A 

temperature  ;   consequently  there  will   be   a  different  value  of    _  for 

A         CY 

every  temperature.     The  value  of  _   =  may   be    directly   read 

B  DY 

from  a  scale  placed  under  the  sliding  contact,  Y,  or  the  temperature 

A 
corresponding  to  the  given  ratio  of  _  may  be  marked  upon  the  scale. 

In  practice  the  slide  wire  is  wound  around  the  edge  of  a  disk,  above 
which  there  is  a  dial  graduated  in  degrees  of  temperature.  The  hand 
on  the  dial  is  directly  over  the  movable  contact,  and  both  are  moved 
by  turning  a  knob  in  the  center  of  the  dial.  For  a  galvanoscope  we 
have  usually  found  it  most  convenient  to  use  an  ordinary  telephone 
receiver  in  connection  with  a  circuit  breaker. 

The  operation  of  taking  a  temperature  reading  with  the  thermo- 
phone  is  as  follows  :  The  coils  being  placed  in  the  spot  where  it  is 
desired  to  know  the  temperature,  and  the  three  leading  wires  being 
connected  to  the  proper  binding  posts  of  the  indicator  box,  the  battery 
current  is  turned  on  and  the  telephone  held  to  the  ear.  As  the  hand 
is  moved  back  and  forth  over  the  dial  a  buzzing  sound  in  the  telephone 
is  found  to  increase  or  diminish  according  as  the  hand  approaches  or 
recedes  from  a  certain  section  of  the  dial.  By  varying  the  position 
of  the  hand  in  this  section  a  point  may  be  found  at  which  no  sound 
is  heard  in  the  telephone ;  at  that  point  the  hand  of  the  dial  indicates 
the  temperature  of  the  distant  coil. 

Brief  mention  should  be  made  of  the  theory  of  the  instrument. 
Referring  again  to  Figure  4,  CD  represents  the  slide  wire,  whose 
length  may  be  called  /,  and  on  which  Y  is  the  null  point.  A  and  B 
are  the  resistance  coils,  made,  for  instance,  of  copper  and  German 
silver.     Let  CY  =  x ;  then  DY  =  /  —  x.     According  to  the  theory 
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of  the  bridge  the  resistance  of  the  copper  coil,  A,  is  to  the  resistance 
of  the  German  silver  coil,  B,  as  x  is  to  /  —  x,  i.e., 


R 

c 

R 


I  —  x 


If  the  resistance  at  o°  C.  is  called  unity,  the  above  formula  may  be 
applied  to  any  temperature,  t,  by  inserting  the  temperature  coefficients 
for  the  two  metals,  i.e., 

/RoA   =    1  +  0 003824 /  +  000000126 /»  +  .  .  .  .  _       * 
\R^Jt       1  +  0.0004433  /  4-  0.0000001S2  f  +  .  .  .       I  —  x 

Simplified  this  becomes 

JZT^  =  1  +  0.0033807  /  —  0.000000391  /*  +  .... 

This  equation  contains  but  two  unknown  quantities,  /  and  x;  hence 
by  assuming  certain  values  for  /  we  may  calculate  the  corresponding 
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values  for  x ;  that  is,  we  may  find  the  theoretical  bridge  reading 
corresponding  to  any  temperature  of  the  coils,  or  given  any  bridge 
reading  we  may  find  the  corresponding  temperature. 

For  example,  let  us  assume  that  the  null  point,  Y,  is  found  at  the 
extreme  end  of  the  bridge,  at  C.  In  this  case  x  =  o,  and  the  corre- 
sponding value  of  t  is  found  to  be  —  2 86°  C,  which  is  not  far  from 
the  absolute  zero.  If  we  assume  that  the  null  point  falls  at  the  other 
end  of  the  slide  wire,  D,  the  corresponding  value  of  t  is  infinity.  Be- 
tween these  two  points  the  line  representing  the  relation  between  t 
and  x  will  be  the  curve  whose  equation  is  given  by  the  above  formula 
and  which  is  shown  in  Figure  5.  It  should  be  remembered  that  the 
above  values  of  the  temperature  coefficients  of  copper  and  German 
silver  apply  only  between  0°  and  ioo°  C,  i.e.,  between  A  and  B  on  the 
curve ;  hence  outside  of  these  limits  the  curve  should  be  considered 
as  approximate. 

In  Figure  6  will  be  found  the  portion  of  the  curve  between  o°  and 
ioo°  C.  Not  being  a  straight  line,  it  follows  that  the  length  of  a 
degree  in  one  part  of  the  scale  will  be  different  from  the  length  of 
a  degree  in  some  other  part  of  the  scale.  In  the  same  figure  is  given 
that  part  of  the  curve  between  o°  and  10°  C,  and  it  will  be  noticed 
that  between  these  points  the  curve  is  almost  straight.  Therefore  for 
a  distance  of  io°  C.  along  the  scale  the  degrees  might  be  made  of 
equal  length  without  involving  an  error  greater  than  about  o.  i°  C. 
In  practice  we  have  found  it  an  easy  matter  to  determine  the  50 
points  by  calibration  and  then  to  divide  the  intermediate  space  into 
degrees  of  equal  length.  This  reduces  the  error  to  a  point  that  may 
be  neglected. 

The  sensitive  coils  which  are  located  at  the  place  whose  tempera- 
ture is  desired  may  theoretically  be  made  of  any  two  electrical  con- 
ductors which  have  different  temperature  coefficients,  though  for  prac- 
tical purposes  we  are  limited  to  the  choice  of  certain  metals.  It  is 
a  singular  fact  that  the  electrical  temperature  coefficients  of  most  pure 
metals  are  nearly  equal  and  almost  exactly  the  same  as  the  tempera- 
ture coefficients  of  the  expansion  of  gases.  The  coefficients  of  the 
alloys  are  generally  lower  than  those  of  their  component  metals. 
They  also  vary  to  a  considerable  extent  according  to  their  composi- 
tion. There  is  much  that  remains  to  be  known  in  regard  to  the 
electrical  temperature  coefficients  of  substances,  and  the  principle 
of  the  thermophone  may  be  found  useful  in  pursuing  this  line  of 
investigation. 
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On  account  of  the  difference  between  the  coefficients  of  the  alloys 
and  those  of  pure  metals  it  will  usually  be  found  advisable  to  use 
some  pure  metal  for  one  of  the  sensitive  coils  and  some  alloy  for 
the  other  coil,  thus  obtaining  a  couple  the  ratio  of  whose  resistances 
changes  rapidly  with  differences  of  temperature.  Other  things  being 
equal,  the  couple  which  has  the  greatest  differential  coefficient  will 
give  the  most  satisfactory  results.  In  the  selection  of  metals  to  be 
used,  however,  there  are  other  qualities  which  must  be  taken  into 
consideration,  such  as  specific  resistance,  permanence,  uniformity, 
cost,  etc.  Moreover,  it  is  desirable  to  use  metals  which  are  commonly 
sold  in  wires  of  the  required  size  and  with  the  proper  insulation,  thus 
avoiding  the  troublesome  delays  and  extra  expense  often  attending 
special  manufacture. 

Of  the  many  possible  combinations  of  metals  the  following  may 
be  considered  as  particularly  important,  namely,  copper  and  German 
silver,  iron  and  German  silver,  platinum  and  platinum-indium,  plati- 
num and  platinum-silver.  Iron  possesses  several  qualities  which  make 
it  well  fitted  for  use  as  one  of  the  sensitive  coils.  On  account  of  its 
high  specific  resistance  it  is  particularly  suited  to  cases  where  it  is 
necessary  to  put  the  coils  into  as  small  a  space  as  possible,  as,  for 
instance,  in  medical  work,  or  to  cases  where  high  resistance  coils  are 
required,  as  in  long-distance  work.  Copper  has  a  slight  advantage 
over  iron  in  being  somewhat  more  uniform  in  quality,  but  it  has  a 
much  lower  specific  resistance,  necessitating  a  long  length  of  coil  to 
obtain  a  given  resistance.  This  low  resistance  may  sometimes  be  an 
advantage,  however,  as  it  gives  to  the  coils  a  greater  radiating  surface. 
The  combination  which  we  have  selected  for  use  in  our  low  tempera- 
ture instruments  is  that  of  copper  and  German  silver.  These  metals 
may  readily  be  obtained  in  any  desired  form,  their  coefficients  are 
favorable,  they  are  not  liable  to  corrode,  and  they  are  comparatively 
cheap.  Long  experience  has  proved  that  they  are  well  adapted  to 
resistance  work.  For  high  temperature  work  it  is  necessary  to  use 
metals  which  do  not  easily  melt.  Either  platinum  and  platinum-silver 
or  platinum  and  platinum-iridium  may  be  used. 

In  choosing  the  amount  of  the  resistance  to  be  used  for  the 
sensitive  coils  two  opposing  conditions  present  themselves.  The  re- 
sistance must  be  kept  low  enough  to  get  sufficient  sensitiveness  when 
using  an  ordinary  telephone,  and  it  must  be  kept  high  enough  to  avoid 
error  caused  by  the  heating  of  the  wires  by  the  battery  current.     We 
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have  selected  a  value  of  100  ohms  for  each  coil  as  best  fulfilling  the 
conditions  for  ordinary  work.  There  is  no  difficulty,  however,  in  using 
coils  as  low  as  25  ohms  or  as  high  as  1,000  ohms.  Usually  it  is  de- 
sirable to  make  the  resistances  of  the  two  coils  such  that  they  shall  be 
equal  at  about  the  middle  of  the  scale  which  the  instrument  is  designed 
to  read.  For  ordinary  temperatures  it  is  our  custom  to  make  them 
equal  at  about   500  F. 

The  method  of  protecting  the  sensitive  coils  is  a  matter  of  great 
importance.  They  must  be  kept  free  from  injury  and  from  atmos- 
pheric corrosion ;  they  must  be  so  arranged  that  there  may  be  a 
ready  transference  of  heat  to  and  from  them  ;  they  must  be  suita- 
bly connected  to  the  lead  wires ;  and  the  whole  arrangement  must 
be  strong  and  capable  of  withstanding  rough  usage. 

In  our  first  instrument  the  sensitive  coils  were  put  into  a  glass 
test  tube,  which  was  afterwards  partially  filled  with  oil.  Three  lead- 
ing wires  insulated  with  gutta-percha  entered  at  the  top  of  the  tube. 
A  mixture  of  melted  paraffine  and  ground  coffee  was  poured  into  the 
top  of  the  tube  and  allowed  to  harden,  in  order  to  form  a  water-tight 
seal.  This  coil  was  used  in  connection  with  an  ordinary  slide  wire 
bridge  to  determine  the  temperature  at  the  bottom  of  a  lake.  The 
objections  to  the  glass  tube  were  soon  apparent,  and  the  broken  relic 
has  now  only  a  historical  value.  A  thin  brass  tube,  1  inch  in  diam- 
eter, was  then  substituted  for  the  glass  one,  and  alternate  layers  of  vas- 
eline and  paraffine  used  as  a  seal.  The  greatest  objection  of  this  form 
was  found  to  be  the  slowness  in  setting.  The  next  step  was  to  use 
a  small,  thin  brass  tube  -fa  inch  in  diameter  and  8  feet  long.  Into 
this  the  resistance  wires  were  drawn,  after  which  the  tube  was  coiled 
into  a  helix  about  3  inches  in  diameter.  One  end  of  this  small  tube 
was  made  to  enter  a  short  piece  of  brass  tube  1  inch  in  diameter, 
where  connections  with  the  leading  wires  were  made.  The  small  tube 
was  then  filled  with  oil,  by  means  of  an  aspirator,  and  sealed.  The 
end  of  the  large  tube  where  the  leading  wires  entered  was  then  ef- 
fectually sealed  by  pouring  in  molten  tar  and  afterwards  covering  with 
a  layer  of  plaster  of  Paris.  This  arrangement  answered  the  purpose 
admirably,  possessing  remarkable  quick-setting  properties,  which  will 
be  described  later  on.  Coils  of  this  type  have  since  been  used  in  most 
of  our  instruments,  a  few  changes  having  been  made  in  the  method  of 
sealing  the  tubes  where  the  leading  wires  enter.  The  photograph  on 
Plate  I  shows  several  coils  of  different  design. 
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The  indicating  part  of  the  thermophone  consists  of  a  circular  form 
of  slide  wire  bridge.  Three  thin  mahogany  discs  from  3  to  5  inches 
in  diameter  are  fastened  together  as  shown  in  the  photograph  on 
Plate  II.  The  lower  one  carries  upon  its  periphery  a  German  silver 
slide  wire,  the  ends  of  which  are  electrically  connected  at  two  con- 
venient binding  posts  with  the  two  main  lead  wires.  Over  this  slide 
wire  a  spring  contact,  which  is  in  reality  the  terminal  of  the  telephone 
circuit  of  the  bridge,  is  free  to  move.  This  contact  is  carried  on  a 
radial  arm  attached  to  a  spindle,  which  passes  through  all  three  of  the 
discs,  terminating  in  a  vulcanite  knob.  To  this  spindle  there  is  also 
attached  a  pointer,  which  moves  over  a  suitably  graduated  dial  on  the 
upper  and  larger  of  the  three  discs.  By  turning  the  knob  the  pointer 
may  be  moved  over  the  dial  at  the  same  time  that  the  contact  moves 
over  the  slide  wire.  The  German  silver  wire  which  is  coiled  around 
the  edge  of  the  lower  disc  is  only  a  small  part  of  the  whole  slide  wire, 
which  is  usually  of  considerable  length.  Only  the  middle  portion  of 
the  slide  wire  is  in  active  service,  the  unused  portions  of  the  wire 
being  coiled  around  the  inner  disc  in  order  that  it  may  be  compact, 
out  of  the  way,  and  at  the  same  time  have  a  uniform  temperature 
throughout  its  entire  length. 

The  length  of  the  slide  wire  is  a  matter  of  great  importance,  for 
it  determines  the  scale  of  the  instrument.  The  longer  the  slide  wire 
the  less  the  proportion  of  it  in  active  service,  and  consequently  the 
less  the  range  of  the  instrument.  The  actual  length  of  the  slide  wire 
necessary  for  any  particular  scale  may  be  calculated  approximately  by 
the  following  formula : 

L  =  2000  +  2 
T 

where  L  equals  the  total  length  of  slide  wire  in  multiples  of  its  active 
portion  and  T  equals  the  scale  of  the  instrument  in  numbers  of  Fah- 
renheit degrees.     For  example,  if  the  active  portion  of  the  wire  is  1 

foot  and  the  range  of  the  instrument  is  1300,  L  = +  2  =  l7A- 
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The  length  of  the  slide  wire  is  therefore  17.4  feet. 

In  order  to  protect  the  slide  wire  and  its  contact  from  injury  the 

discs  are  usually  inclosed  in  a  brass  case,  having  a  glass  front  over 

the   dial.     In  the  portable   instruments  this    brass    case    is    fastened 

directly  to  the  box  containing  the  battery,  but  for  permanent  instal- 
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lations  it  may  be  fastened  to  an  ornamental  baseboard  and  screwed  to 
the  wall,  the  battery  being  located  elsewhere.  Plate  III  is  a  photo- 
graph of  one  of  the  portable  instruments. 

One  of  the  most  important  parts  of  the  thermophone  is  the  current 
interrupter  or  buzzer.  By  its  use  in  connection  with  the  telephone 
receiver  it  is  possible  to  avoid  the  use  of  a  delicate  and  expensive 
galvanometer.  More  than  anything  else  it  is  the  use  of  this  com- 
bination of  buzzer  and  telephone  which  makes  the  thermophone  a 
portable  instrument.  By  its  use  exceedingly  slight  currents  of  elec- 
tricity may  be  detected,  and  there  seems  to  be  no  reason  why  a  simi- 
lar instrument  may  not  be  found  useful  in  physical  laboratories.  The 
arrangement  of  the  buzzer  will  be  readily  understood  from  Figure  7. 
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bell,  an  armature  vibrating  in 
net  making  and  breaking  a  cir- 
circuit  is  entirely  distinct  from 
causes  the  armature  to  vibrate, 
simple  in  principle,  and  its  suc- 
upon  the  perfection  of  certain 
struction. 

The  battery  usually  consists  of  three  dry  cells.  In  one  instrument, 
which  has  been  used  daily  for  more  than  six  months,  the  cells  show 
very  little  loss  of  power.  The  battery  current  may  be  turned  on  or  off 
by  means  of  a  switch  placed  directly  over  the  telephone  holder  on  the 
side  of  the  box. 

In  any  telethermometer  of  the  resistance  type  it  is  of  the  utmost 
importance  to  so  arrange  the  leading  wires  that  changes  in  their  tem- 
perature shall  not  appreciably  affect  the  reading  of  the  instrument. 
In  designing  the  thermophone  this  fact  was  kept  in  mind,  and  the 
resulting  arrangement  of  the  electrical  parts  appears  to  be  quite 
satisfactory. 

It  will  be  remembered  that  there  are  three  leading  wires  between 
the  indicator  and  the  sensitive  coils.  Two  of  these,  which  may  be 
called  the  main  leads,  run  from  the  ends  of  the  slide  wire  to  the  free 
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ends  of  the  copper  and  German  silver  resistances.  The  third,  which 
connects  the  junction  of  the  two  said  resistances  with  the  movable 
contact  on  the  slide  wire,  has  in  its  circuit  the  telephone  and  inter- 
rupter. Recalling  the  arrangement  of  the  Wheatstone's  bridge,  it  will 
be  seen  that  one  of  the  main  leading  wires  is  in  one  arm  of  the  bridge, 
while  the  other  main  lead  is  in  the  adjacent  arm  ;  hence  any  change 
in  the  resistance  of  one  will  tend  to  be  neutralized  by  a  similar  change 
in  the  resistance  of  the  other,  assuming  that  the  two  leads  have  the 
same  average  temperature.  An  equality  of  temperature,  and  conse- 
quently of  resistance,  is  brought  about  by  keeping  the  two  wires  side 
by  side.  Usually  it  is  convenient  to  have  the  three  leading  wires 
twisted  or  braided  together.  It  goes  without  saying  that  each  leading 
wire  should  be  thoroughly  insulated. 

How  far  the  two  main  leading  wires  tend  to  neutralize  each  other 
and  to  give  a  reading  free  from  error  may  be  shown  by  the  follow- 
ing demonstration :  To  determine  the  safe  allowable  resistance  of  the 
leading  wires  let 


A   =  the  allowable  error  in  temperature  measurement  in  Fahrenheit  degrees. 

5  =  the  total  range  of  the  instrument  in  Fahrenheit  degrees. 
A  =  the  resistance  of  the  copper  coil,  including  Rj 

B  =  the  resistance  of  the  German  silver  coil,  including  Rj 

6  =   the  greatest  change  that  will  ordinarily  take  place  in  Rj  under  ordinary  atmos- 
pheric conditions.     If  the  leading  wires  are  of   copper,  and  if  the  range  of   atmospheric 

temperature  is  assumed  to  be  100°,  <S  =  _*.,  because  the  electrical  temperature  coefficient 

10 
of  copper  is  such  that  a  change  of  5°  F.  produces  a  change  of  about  1  per  cent,  in  resistance; 
a  change  of  100°,  therefore,  causes  a  change  of  20  per  cent,  resistance,  or  a  change  of  10  per 
cent,  above  and  below  the  resistance  of  the  coil  at  50°. 

If  we  take  the  case  where  the  leading  wires  are   at   one  of  the 

assumed  points  of  extreme  variation,  namely,  o°  or   ioo°  F.,  we  shall 

A 
have  the  true  ratio  of  the  sensitive  coils  shown  by  — ,  while  the  ap- 


B 


parent  ratio  given  by  the  indicator  will  be 


A  +  <>  =  a(i  +  a)         a  f           s         t    .  s 

B  +  <J        ITT  J\-bV  +  A-B+ J' 


"(l  +  i) 
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The  difference  between  the  true  and  apparent  readings  is  then,  approx- 
imate!)', 

Therefore 

B           B\1+A            B  /  /   i  i  \ 

A  =  500   [  "—^ =  500  (^  -  -), 

I  B  ) 

approximately.  If  we  assume  that  the  German  silver  coil  remains 
constant  in  resistance  (its  coefficient  is  about  one  tenth  that  of 
copper),  A  =  B  (1  -f-  .001  S),  approximately.     Therefore 

a        cm*  f  JL 1  \  =  500.)  X  .001  S 

a-3uuo^b        B(1  +  .001S)/       B'(1  +  .001S)* 


approximately.     If  we  neglect  .001  S  in  the  denominator 
Ordinarily 


0.5  <fS        ,    ,        2AB 
A  =  __andrf=— ■ 


R  R,         2AB  20AB 

4  =  To'   hence  jf  =  -g-  and  R,  =  -g— ■ 

In  order  to  take  a  practical  example,  let  us  suppose  that  it  is 
desired  to  find  the  size  of  lead  wire  to  be  used  in  obtaining  deep  sea 
temperatures.  Suppose  that  it  is  desired  to  have  the  readings  correct 
within  0.050  F.  over  a  range  of  200  F.  and  that  the  extreme  varia- 
tion of  the  temperature  of  the  leads  is  20°  F.  These  limits  are  ample 
for  this  case.     If  a  200-ohm  coil  were  used,  A  =  0.05,  B  =  200,  S  =  20, 

R  ">  A  B 

&  =     1.      Substituting  these  values  in  the  formula  t  =  — -    ,   we   find 
50  s 

that  Rj  s=  50  ohms.     Since  No.  18  copper  wire  has  a  resistance  of 

about  35  ohms  per  mile,  that  size  of  wire  may  be  used  for  a  depth 

of  one  mile  with  a  considerable  margin  of  safety.     For  greater  depths 

it  is  not  necessary  to  increase  the  size  of  the  leading  wires,  but  simply 

to  increase  the  resistance  of  the  sensitive  coils,  and  this  may  be  done 

up  to  1,000  or  10,000  ohms,  if  necessary. 

The  question  naturally  arises  as  to  how  the  dial  is  graduated  and 

the  instrument  standardized.     On  account  of  the  fact  above  mentioned, 

that  the  degrees  are  not  of  the  same  length  in  all  parts  of  the  scale, 

it  is  impossible  to  graduate  the  instrument  by  determining  the  read- 
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ings  in  boiling  water  and  in  melting  ice  and  preparing  a  scale  of  equal 
division  between  them.  It  is  necessary  to  make  comparisons  with  an 
accurate  mercurial  thermometer  as  the  standard  for  ordinary  tempera- 
tures. The  operation  of  graduating  the  dial  consists  in  putting  the 
sensitive  coil  and  the  standard  thermometer  together  in  a  bath  having 
a  certain  temperature,  say  200,  and  in  noting  the  position  of  the  pointer 
on  the  dial  when  the  telephone  is  silent ;  then  changing  the  tempera- 
ture of  the  bath  to,  say  25°,  and  finding  a  new  position  of  the  pointer, 
and  so  on  determining  the  position  of  points  five  degrees  apart.  Be- 
tween these  points  the  spaces  may  be  divided  into  degrees  of  equal 
length  without  introducing  a  sensible  error.  The  melting  point  of  ice 
and  the  boiling  point  of  water  may  be  obtained  in  the  usual  way.  For 
extremely  high  and  for  very  low  temperatures  mercurial  thermometers 
are  inaccurate,  and  we  are  thus  left  without  a  ready  standard  of  com- 
parison ;  but  by  extending  the  theoretical  curve  of  the  differential  co- 
efficients in  both  directions,  and  by  using  this  in  connection  with 
known  boiling  points,  it  seems  likely  that  we  may  obtain  results  equal 
if  not  superior  to  those  given  by  any  known  instrument. 

The  thermophone  is  extremely  sensitive.  The  differential  temper- 
ature coefficient  of  the  metals  is  such  that  the  resistance  ratio  changes 
about  1  per  cent,  for  each  50  F.,  this  being  far  above  the  rate  of  expan- 
sion of  solids  or  liquids.  Moreover,  slight  differences  in  resistance 
may  be  measured  easier  and  with  greater  accuracy  than  small  changes 
in  length  or  volume.  With  thermophones  of  the  atmospheric  range, 
i.  e.,  from  —  150  to  1150  F.,  temperatures  may  easily  be  taken  to  o.  i° 
even  by  an  inexperienced  observer.  With  an  instrument  of  less  range, 
or  with  one  of  the  same  range  but  having  a  larger  dial,  the  degrees 
are  longer,  and  consequently  a  greater  sensitiveness  may  be  obtained. 
Our  standard  thermophone  has  a  dial  8  inches  in  diameter,  and  read- 
ings may  be  taken  to  y1^0  F. 

As  far  as  possible  we  have  endeavored  to  make  the  parts  of  the 
thermophone  interchangeable ;  that  is  to  say,  so  that  any  coil  may  be 
used  with  any  indicator.  In  order  to  do  this  the  ratio  of  the  copper 
and  German  silver  coils  must  be  the  same  for  every  instrument  at 
every  temperature.  When  the  coils  are  manufactured  and  before 
they  are  sealed  this  ratio  is  regulated  approximately  at  the  tempera- 
ture of  the  room.  After  being  sealed  they  are  put  into  a  bath  with  a 
standard  coil  and  their  ratio  finally  adjusted  by  adding  a  short  length 
of  German  silver  wire  to  one  or  the  other  of  the  main   lead  wires. 
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This  involves  no  error.     The  indicators  are  made  alike  by  comparing 
them  at  the  50  points  with  the  standard  instrument. 

One  very  important  quality  of  the  thermophone  is  the  rapidity 
with  which  it  sets.  By  covering  the  sensitive  coils  with  substances 
having  good  heat-conducting  powers,  by  making  the  mass  of  this  pro- 
tective covering  as  small  as  possible,  and  by  giving  it  a  great  radiating 
surface,  we  have  succeeded  in  producing  an  instrument  which  will  set 
quite  as  rapidly  as  a  mercurial  thermometer.  The  following  table 
shows  a  comparison  between  the  time  of  setting  of  a  thermophone  and 
one  of  Green's  chemical  thermometers.  The  figures  represent  the 
average  of  several  sets  of  observations  : 

Time  of  Setting.    Comparison  Between  Thermophone  and  Thermometer. 


Time  in  seconds. 

Thermophone. 

Thermometer. 

0 

708° 

68.9° 

10 

46.7° 

36.3° 

20 

36.7° 

33.0° 

30 

33.2° 

32.7° 

40 

32.5° 

32.5° 

SO 

324° 

32,4° 

60 

32.3° 

3£4° 

70 

321° 

32.3° 

SO 

32.0° 

32.3° 

90 

32.0° 

32.2° 

100 

32.0° 

32.1° 

110 

32.0° 

32.0° 

The  experiments  were  made  by  transferring  the  instruments  from 
a  water  bath  of  about  jo°  F.  to  a  mixture  of  melting  snow,  the  tem- 
perature of  which  was  known  to  be  exactly  320.  The  mercurial  ther- 
mometer fell  rapidly  at  first,  reaching  330  in  20  seconds  ;  after  that  it 
dropped  slowly,  requiring  no  seconds  to  reach  the  exact  temperature. 
The  thermophone,  on  the  other  hand,  dropped  more  slowly  at  first, 
requiring  30  seconds  to  reach  33. 2°,  but  it  fell  more  rapidly  over  the 


w 


142  Henry  E.    Warren  and  George  C.    Whipple. 

remaining  tenths,  reaching  the  freezing  point   in  80  seconds,  which 
was  one  half  a  minute  less  than  was  required  by  the  thermometer. 

For  obtaining  deep  sea  temperatures  a  quick-setting  instrument 
is  of  advantage,  because  it  effects  a  great  saving  of  time  and,  conse- 
quently, of  expense.  The  Negretti  and  Zambra  thermometer,  which 
is  the  one  usually  used  by  the  government  for  deep  sea  work,  sets 
very  slowly.  Dr.  Kidder,  in  his  report  on  thermometers  used  by  the 
United  States  Fish  Commission  in  1885,  mentions  two  experiments 
which  were  made  to  determine  the  time  of  setting  of  the  Negretti  and 
Zambra  instruments.  These  thermometers,  it  will  be  remembered, 
are  mercurial  ones,  having  a  large  cylindrical  bulb.  Just  above  the 
bulb  the  tube  has  a  peculiar  bend,  where  the  mercury  column  breaks 
when  the  thermometer  is  inverted.  Readings  are  obtained  by  invert- 
ing and  allowing  the  mercury  above  the  bend  to  fall  to  the  other  end 
of  the  tube,  where  suitable  graduations  are  made.  Of  the  two  ther- 
mometers tested  by  Dr.  Kidder  one  required  seven  minutes  and  the 
other  fifteen  minutes  to  register  the  correct  reading  when  changed 
from  a  bath  of  about  700  to  one  of  melting  ice.  When  these  ther- 
mometers are  used  in  practice  it  is  customary  to  allow  them  to  set  ten 
minutes  before  inverting.  This  is  in  striking  contrast  with  the  quick- 
setting  thermophone. 

The  uses  of  a  thermophone  are  almost  as  varied  as  the  uses  of  a 
thermometer.  Aside  from  its  scientific  applications,  many  of  which 
will  naturally  suggest  themselves,  we  may  call  attention  to  a  few  of  its 
commercial  uses. 

In  connection  with  the  ventilation  of  buildings  it  possesses  qual- 
ities which  make  it  more  valuable  than  the  ordinary  telethermometers. 
Besides  being  accurate  and  comparatively  inexpensive,  it  has  the  ad- 
vantage that  any  number  of  sensitive  coils  may  be  connected  to  one 
indicator.  Thus  in  a  large  schoolhouse  a  sensitive  coil  may  be  located 
in  each  room  and  the  leading  wires  carried  to  a  single  indicator  in  the 
janitor's  office,  where  by  using  a  switchboard  the  janitor  may  from 
the  one  dial  ascertain  the  temperature  of  any  room  in  the  building. 
The  temperature  of  dark  and  inaccessible  air  flues  may  also  be  easily 
obtained.  When  several  sensitive  coils  are  located  near  together  a 
considerable  saving  of  expense  in  the  wiring  may  often  be  made  by 
connecting  the  copper  resistances  of  all  the  sensitive  coils  to  one  main 
leading  wire  and  the  German  silver  resistances  to  the  other  main  lead- 
ing wire,  these  leads  being  carried  to  the  ends  of  the  slide  wire  of  the 
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indicator.  The  telephone  lead  from  each  sensitive  coil  is  carried  to 
the  switchboard  near  the  indicator,  where  by  changing  the  switch  one 
after  another  of  the  coils  may  be  thrown  into  use.  Thus  the  total 
number  of  wires  between  the  coils  and  the  indicator  is  equal  to  the 
number  of  coils  plus  two. 

In  public  buildings  it  will  probably  be  advisable  to  dispense  with 
the  telephone  and  circuit  breaker  and  use  a  galvanometer  so  arranged 
that  the  temperature  of  the  distant  coil  shall  be  indicated  by  the  de- 
flections of  the  needle.  In  such  an  arrangement  it  is  only  necessary 
to  press  a  button  in  order  to  have  the  needle  automatically  indicate 
the  temperature.  A  thermophone  of  this  kind  is  now  in  use  at  the 
Massachusetts  State  House. 

It  is  possible  to  make  the  thermophone  self-recording,  and  we 
expect  that  such  an  instrument  will  soon  be  perfected.  It  will  doubt- 
less find  an  immediate  use  in  cold  storage  warehouses. 

Among  the  uses  of  a  high  temperature  instrument  may  be  men- 
tioned that  of  obtaining  the  temperature  of  flue  gases  in  chimneys- 
This  temperature  is  intimately  connected  with  the  economical  opera- 
tion of  a  boiler,  and  at  the  present  time  the  methods  of  obtaining  it 
are  either  very  crude  and  inaccurate  or  exceedingly  troublesome. 
With  one  of  the  coils  located  in  the  flue  and  the  indicator  in  the 
engineer's  office  one  could  easily  tell  at  any  time  how  much  heat  was 
being  wasted  up  the  chimney.  If  a  self-recording  instrument  were 
used  the  results  would  be  of  great  value. 

As  we  have  already  stated,  the  thermophone  was  first  used  to 
determine  the  temperature  of  the  water  at  various  depths  in  Lake 
Cochituate,  one  of  the  sources  of  the  Boston  water  supply.  It  proved 
to  be  peculiarly  well  adapted  for  doing  that  work,  and  there  seems  to 
be  no  reason  why  it  might  not  be  used  for  obtaining  temperatures  at 
very  great  depths.  When  compared  with  old  deep  sea  thermometers, 
or  even  with  those  now  used,  it  will  be  found  to  possess  many  points 
of  superiority,  among  which  may  be  mentioned  the  following : 

1.  It  is  extremely  sensitive  and  accurate. 

2.  It  is  independent  of  pressure. 

3.  It  is  very  quick-setting  and  may  be  quickly  read. 

4.  It  does  not  have  to  be  drawn  to  the  surface  when  readings  are 
taken. 

5.  It  is  portable. 

6.  No  mercurial  thermometers  are  used  in  connection  with  it. 

7.  There  are  no  instrumental  corrections  to  be  applied. 
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In  order  to  sho^v  what  may  be  done  with  the  thermophone  in 
the  way  of  studying  the  temperature  of  water  at  various  depths,  we 
present  in  Figures  8,  9,  and  10  some  of  the  observations  which  have 
been  made.  The  curves  were  selected  with  the  idea  of  showing  the 
capabilities  of  the  instrument  rather  than  throwing  light  upon  the 
complex  problem  of  the  distribution  of  heat  in  the  water  of  a  pond. 
Most  of  them,  however,  are  typical  curves  for  the  different  seasons. 
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Fig.  8. 


It  is  a  well-known  fact  that  in  deep  ponds  there  is  usually  a  great 
difference  of  temperature  between  the  water  at  the  surface  and  that 
at  the  bottom,  this  difference  being  greatest  during  the  summer. 
In  most  ponds  which  are  more  than  25  or  30  feet  deep  the  tem- 
perature at  the  bottom  remains  almost  constant  from  April  to  Octo- 
ber, while  that  at  the  surface  rises  and  falls  with  the  temperature 
of  the  air.  The  temperature  found  at  the  bottom  during  the  summer 
depends  chiefly  upon  the  depth  of  the  pond  and  upon  the  temperature 
of  the  air  and  the  force  of  the  wind  during  the  month  of  April,  or 
during  that  season  when  the  surface  water  begins  to  warm  up.  For 
instance,  it  has  been  found  by  observations  ip   Lake  Cochituate  that 
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as  soon  as  the  ice  breaks  up  in  the  spring  the  water  circulates  freely 
throughout  the  vertical,  the  temperature  at  the  top  and  bottom  being 
almost  exactly  the  same.  As  the  season  advances  the  water  grows 
warmer  at  all  depths.  If  there  were  no  wind  the  temperature  at  the 
bottom  would  cease  to  rise  as  soon  as  it  had  reached  the  point  of 
maximum  density,  i.  e.,  39.20  F.,  but  because  of  the  wind,  and  because 
in  that  part  of  the  temperature  scale  the  difference  in  density  per 
degree  is  very  slight,  the  temperature  at  the  bottom  rises  higher  than 
39. 2°.  It  continues  to  rise  as  long  as  the  difference  in  density  be- 
tween the  water  at  the  surface  and  that  at  the  bottom  does  not  exceed 
such  an  amount  that  the  wind  is  not  able  to  keep  the  water  in  circu- 
lation. For  Lake  Cochituate,  which  is  60  feet  deep,  this  difference 
of  density  is  equivalent  to  a  difference  of  about  50  of  temperature. 
If,  however,  the  winds  are  unusually  high  a  somewhat  greater  dif- 
ference is  necessary  to  prevent  circulation.  Stagnation  of  the  lower 
layers  having  once  begun,  the  temperature  at  the  bottom  changes  very 
little  during  the  whole  summer.  Thus  it  will  be  seen  that  if  the  warm 
weather  of  spring  appears  suddenly  the  required  difference  of  tempera- 
ture between  the  upper  and  lower  layers  is  soon  obtained,  and  in  con- 
sequence there  is  a  low  temperature  at  the  bottom  during  the  summer ; 
but  if,  on  the  other  hand,  the  season  advances  gradually  the  tempera- 
ture at  the  bottom  will  remain  at  a  somewhat  higher  point.  Ordinarily 
the  bottom  temperature  of  Lake  Cochituate  lies  between  420  and  450, 
but  during  the  present  season,  on  account  of  the  remarkable  hot 
weather  in  May,  it  stands  at  a  somewhat  lower  figure. 

In  Figure  8  are  given  two  curves  which  represent  the  temperature 
at  different  depths  in  Lake  Cochituate,  and  which  may  perhaps  be  con- 
sidered as  typical  summer  curves.  On  May  10,  1895,  two  sets  of  ob- 
servations were  taken  at  points  about  200  feet  apart,  one  set  being 
indicated  by  the  circles,  and  the  other  by  the  crosses.  The  two  sets 
of  observations  agree  very  closely,  showing  the  great  precision  which 
may  be  obtained  with  the  thermophone.  May  10  was  a  hot,  calm  day, 
the  maximum  air  temperature  being  over  900  ;  the  surface  of  the  water 
was  lrke  a  mirror  —  for  several  days  previous  the  weather  had  been 
warm,  with  little  wind.  As  a  result  the  temperature  curve  was  a  very 
smooth  one.  Thjs  curve  may  well  be  contrasted  with  the  other  .one 
taken  six  days  later,  namely,  on  May  16.  In  the  interval  between 
the  two  sets  of  observations  there  were  several  days  of  cold,  windy 
weather,  with  sharp  frosts.     The  result  was  that  the  surface  cooled 
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Fig.   9. 


off  rapidly  and  the  water  became  stirred  up  to  a  considerable  depth. 
The  active  circulation  caused  by  the  wind  evidently  extended  to  a 
depth  of  about  16  feet,  but  what  may  be  called  an  "induced  cir- 
culation "  extended  to  a  somewhat  greater  depth. 

Ordinarily  the  influence  of  the  wind  during  the  summer  is  felt  only 
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to  a  depth  of  some  10  or  20  feet,  but  in  the  fall,  when  the  surface 
water  cools  and  its  density  becomes  more  nearly  like  that  of  the 
lower  layers,  the  wind  stirs  up  the  water  to  greater  and  greater 
depths.  Finally,  when  the  temperature  of  the  surface  has  fallen  to 
a  point  only  a  few  degrees  above  that  of  the  bottom,  circulation 
takes  place  throughout  the  whole  vertical.  This  phenomenon  is 
known  as  "the  turning-over."  The  temperature  changes  that  take 
place  during  this  period  are  illustrated  in  Figure  9. 

The  observations  on  October  12,  1894,  showed  that  down  to  a 
depth  of  23  feet  the  water  was  practically  of  a  uniform  temperature; 
at  that  depth  there  was  a  sharp  boundary  line  between  the  warmer 
water  above  and  the  cooler  water  below.  The  temperature  at  23  feet 
was  56.950  ;  at  24  feet  it  was  49.65°,  a  difference  of  7.30  in  one  foot. 
Below  25  feet  the  temperatures  decreased  gradually  to  the  bottom, 
observations  taken  at   i-foot  intervals  giving  a  very  smooth  curve. 

On  November  6  there  was  a  snow-storm,  accompanied  by  a  high 
wind,  which  continued  for  several  days.  On  November  7  observations 
were  again  taken  at  the  same  place.  The  temperature  was  found  to 
be  46. 70  down  to  a  depth  of  46  feet ;  from  that  point  to  the  bottom 
there  was  a  slight  decrease.  At  noon  the  temperature  at  the  bottom 
was  43. 5°.  Between  46  feet  and  the  bottom  the  water  was  plainly  in 
a  state  of  commotion,  readings  at  any  one  point  frequently  changing 
several  degrees  in  less  than  a  minute.  At  two  o'clock  the  turning- 
over  had  been  practically  completed,  and,  except  at  the  bottom,  where 
the  coil  was  partially  immersed  in  the  mud,  the  temperature  readings 
were  the  same  from  the  top  to  the  bottom.  It  was  a  most  singular 
coincidence  that  we  should  happen  to  make  our  observations  at  the 
very  moment  when  the  turning-over  was  completed. 

The  temperature  curves  obtained  during  the  winter  when  the 
surface  is  frozen  are  quite  different  from  the  foregoing.  Three  of 
these  curves  are  given  in  Figure  10.  The  middle  curve  shows  the 
temperature  of  Lake  Cochituate  on  December  21,  1894,  a  few  weeks 
after  the  ice  formed.  Two  sets  of  observations  were  taken  at  points 
200  feet  apart.  One  set  is  indicated  by  the  circles  and  the  other  by 
the  crosses,  and  it  should  again  be  noticed  how  closely  the  two  sets 
of  observations  agree.  This  curve  may  be  said  to  be  the  normal  type 
of  curve  for  a  frozen  lake  in  this  vicinity,  the  characteristics  being 
a  rapid  rise  of  temperature  during  the  first  5  feet  below  the  surface, 
and  below  that  point  a  gradual  increase  towards  the  bottom,  where 
the  temperature  tends  to  stay  at  its  point  of  maximum  density     On 
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Fig.    10. 


account  of  certain  local  causes,  however,  this  bottom  temperature  is 
sometimes  found  to  be  above  or  below  that  point. 

The  right-hand  curve  represents  the  temperature  of  the  water  of 
Crystal  Lake  in  Newton  Centre,  Massachusetts,  on  March  14,  1895, 
and   illustrates  the  case  of  a  pond  fed   by  springs.     The   tempera- 
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ture  was  higher  than  in  Lake  Cochituate,  being  about  i°  above 
maximum  density,  except  for  a  few  feet  immediately  under  the  ice. 
The  curve  is  more  irregular  than  the  other  curves  on  account  of  the 
varying  currents  from  the  springs. 

The  curve  on  the  left  represents  the  temperature  of  the  water 
of  Lake  Winnipesaukee  at  a  point  east  of  Long  Island  and  about 
equidistant  from  Ragged,  Cow,  and  Little  Bear  Islands.  The  obser- 
vations were  taken  at  a  place  where  a  strong  current  from  Moulton- 
borough  Iky  sweeps  into  the  Broads.  The  effect  of  this  current  is 
seen  in  the  shape  of  the  curve,  which  bends  sharply  at  a  depth  of  18 
feet.  At  a  depth  of  22  feet  it  bends  sharply  in  the  other  direction  ; 
below  that  depth  the  water  has  almost  a  uniform  temperature  to  the 
bottom.  It  is  evident  that  there  was  a  layer  of  cold  water  flowing 
over  a  body  of  warmer  water,  the  very  slight  difference  between  the 
density  of  the  two  layers  being  sufficient  to  prevent  them  from  mix- 
ing. It  will  be  observed  that  the  bottom  temperature  is  below  that 
of  maximum  density.  This  fact  has  been  observed  elsewhere.  It 
may  be  accounted  for  by  the  high  winds  which  blow  over  the  lake 
just  before  the  surface  freezes.  Even  after  the  water  has  cooled 
to  the  point  of  maximum  density  the  wind  keeps  the  water  in  cir- 
culation, and  causes  it  to  cool  still  further  at  all  depths  until  the 
surface  freezes  and  puts  a  seal  upon  further  change. 

It  would  be  a  matter  of  no  little  interest  to  locate  some  of  the 
thermophone  coils  in  and  immediately  under  the  ice  of  a  frozen  lake, 
where  there  is  little  current,  and  note  the  changes  that  take  place  dur- 
ing the  freezing  and  melting  of  the  ice.  Such  an  experiment  might 
easily  be  made.  It  has  also  been  suggested  that  the  instrument  might 
be  used  to  obtain  the  temperature  of  the  ice  in  glaciers  at  depths  be- 
low the  surface. 

From  the  curves  given  above,  as  well  as  from  many  other  observa- 
tions that  have  been  taken,  it  is  seen  that  the  thermophone,  by  reason 
of  its  extreme  sensitiveness,  may  well  be  used  as  a  current  detecter. 
The  following  incident  illustrates  this  use :  On  one  occasion  obser- 
vations were  being  made  in  Lake  Cochituate  at  a  point 'about  100 
feet  from  the  effluent  gatehouse.  Readings  were  taken  at  intervals  of 
1  foot,  beginning  at  the  top.  On  checking  the  readings  as  the  coil  was 
being  drawn  up  it  was  found  that  for  a  considerable  distance  down 
from  the  surface  the  readings  did  not  agree  with  those  previously 
taken.  After  some  little  searching  for  the  cause  of  the  supposed 
error  it  was  discovered  that   the  boat   had   shifted  its  position  into 
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the  current  that  was  setting  in  towards  the  gatehouse.  On  rowing 
back  to  the  original  spot  readings  were  obtained  which  agreed  with 
those  taken  at  first. 

The  subject  of  the  temperature  of  the  soil  at  various  depths  has 
been  studied  carefully  and  thoroughly  as  far  as  the  use  of  mercurial 
thermometers  would  permit,  but  obviously  such  thermometers  are  not 
suited  to  the  case.  What  is  needed  is  a  thermometer  that  can  be 
located  in  what  is  practically  undisturbed  soil  and  allowed  to  remain 
there  for  a  long  time  without  being  removed  or  interfered  with  in  any 
way.  As  we  believed  that  the  thermophone  might  be  used  to  advan- 
tage in  ascertaining  the  temperature  of  the  soil,  we  decided  to  under- 
take some  experiments,  not  so  much  to  obtain  results  that  in  them- 
selves would  be  of  value,  but  rather  to  find  out  the  nature  of  the 
phenomena  to  be  studied  and  to  see  if  the  thermophone  was  capable 
of  throwing  new  light  upon  the  subject. 

A  preliminary  experiment  was  begun  November  15,  1894.  Two 
thermophone  coils  were  placed  in  the  ground  under  a  lawn,  one  6  and 
the  other  7  inches  deep.  They  were  put  near  together  in  order  to 
see  what  slight  differences  might  be  detected.  Leading  wires  from 
these  two  coils  were  carried  to  an  indicator  in  the  house.  From 
November  15  to  November  22  observations  were  taken  hourly  during 
the  day  and  evening.  The  results  when  tabulated  and  plotted  brought 
out  several  interesting  facts,  the  most  important  being  the  extreme 
sensitiveness  of  the  instrument  and  the  almost  perfect  smoothness  of 
the  curves.  It  was  noticed  that  the  temperature  of  the  soil  followed 
closely  that  of  the  air,  the  maximum  for  the  day  occurring  a  few  hours 
after  noon ;  the  coil  at  7  inches  lagged  behind  the  one  6  inches 
deep,  and  its  range  of  temperature  was  not  as  great.  One  very 
interesting  fact  was  noticed,  namely,  that  when  the  surface  of  the 
ground  became  frozen  the  hourly  fluctuations  ceased. 

A  more  extensive  series  of  observations  was  begun  November 
24,  1894.  A  hole  was  dug  in  a  lawn  and  horizontal  borings  made 
at  depths  of  4  inches,  1  foot,  2  feet,  3  feet,  and  4  feet.  The  spot 
selected  received  the  sun  during  the  greater  part  of  the  day,  being 
about  12  feet  from  the  cellar  wall  on  the  south  side  of  a  house  in 
Newton  Centre,  Massachusetts.  The  drifts  were  about  3  feet  long 
and  about  ij  inches  in  diameter.  A  cylindrical  temperature  coil  was 
located  at  the  end  of  each  of  these  drifts.  In  order  that  no  heat 
might  be  conducted  to  or  from  the  coils  through  the  lead  wires,  a 
sufficient  length  of  each  lead  was  coiled  in  the  ground  at  the  same 
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depth  as  that  of  its  coil,  though  not  located  at  the  same  spot.  The 
soil  was  the  familiar  bowlder  clay  overlaid  with  about  15  inches  of 
loam.  After  the  coils  had  been  placed  in  position  the  hole  was  filled 
and  grassed  over.     The  three  lead  wires  from  each  coil  were  carried 
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to  a  box  at  the  surface,  from  which  wires  ran  to  a  switchboard  near 
the  indicator  in  the  house.  By  means  of  this  switchboard  one  after 
another  of  the  coils  could  be  thrown  into  use  and  their  temperature 
ascertained. 
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The  general  results  of  the  observations,  which  have  been  taken 
from  one  to  ten  times  each  day,  are  shown  in  Figure  11,  where  the 
maximum  and  minimum  air  temperatures,  the  rainfall,  etc.,  for  the 
same  period  will  also  be  found.  On  January  1  the  coil  1  foot  deep 
was  thrown  out  of  use  by  the  breaking  of  one  of  the  leading  wires, 
caused  by  the  settling  of  the  ground.  On  May  3  the  readings  of  the 
4-inch  coil  went  off  the  scale,  which  in  the  instrument  used  did  not 
go  above  jo°  F. 

The  curves  bring  out  in  a  striking  manner  the  fact  noticed  in  the 
preliminary  experiment,  that  when  the  ground  is  frozen  there  are  no 
daily  fluctuations  in  the  temperature  of  the  soil.  The  ground  became 
frozen  on  the  day  after  the  coils  were  put  in  place,  and  it  will  be  no- 
ticed that  until  December  16  the  curves  were  quite  smooth.  Between 
December  16  and  December  19  the  weather  was  warm  and  the  frost 
came  out  of  the  ground.  During  that  time  the  curves  showed  con- 
siderable daily  fluctuations.  On  December  19  the  ground  froze  again, 
and  remained  frozen  until  March  27,  after  which  daily  fluctuations 
began  again.  It  was  a  singular  fact  that  throughout  the  winter,  and 
in  spite  of  the  severe  cold  weather,  the  temperature  at  a  depth  of  only 
4  inches  did  not  go  below  330.  This  was  doubtless  owing  to  the  pro- 
tection of  the  turf  and  to  the  covering  of  snow  which  remained  on  the 
ground  during  the  greater  portion  of  the  winter ;  it  is  known  that  in 
exposed  places  the  frost  penetrated  to  a  depth  of  several  feet.  On 
February  7  the  temperature  of  the  air  went  as  low  as  90  below  zero, 
and,  although  the  ground  was  covered  with  snow,  there  was  a  sudden 
drop  in  the  temperature  of  the  soil.  It  soon  recovered,  however,  and 
continued  to  rise  as  long  as  the  snow  remained  on  the  ground. 

It  was  noticed  that  rain  had  a  marked  influence  on  the  tempera- 
ture. This  was  well  shown  on  December  28,  when,  after  a  snow-storm 
which  turned  into  a  warm  rain,  the  temperature  of  the  soil,  even  to 
a  depth  of  4  feet,  dropped  rapidly  on  account  of  the  infiltration  of  the 
cold  water. 

There  are  several  things  about  the  curves  that  we  are  unable  to 
explain,  such,  for  instance,  as  the  reason  why  the  2  ft.  and  3  ft. 
lines  are  so  near  together  and  the  4  ft.  line  so  much  higher.  It 
should  be  remembered,  however,  that  the  location  of  the  coils  was  far 
from  ideal,  and  the  temperatures  were  doubtless  influenced  by  local 
causes  of  which  we  are  ignorant. 
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EXPERIMENTS    ON  THE  RELATION  OF  HYSTERESIS 
TO    TEMPERATURE.1 

By  FRANK  A.  LAWS  and  HENRY  E.  WARREN. 
Received  May  it,  1S95. 

This  paper  gives  an  account  of  some  experiments  to  determine 
the  effect  of  temperatures  much  above  the  normal  on  the  dissipation 
of  energy  by  hysteresis  in  a  specimen  of  steel. 

At  the  time  of  the  beginning  of  this  research,  in  February,  1894, 
there  were  no  complete  studies  of  this  subject  known  to  us.  A  casual 
reference  is  to  be  found  in  the  Proceedings  of  the  American  Institute 
of  Electrical  Engineers,  VII,  325,  1890,  by  Professor  Harris  J.  Ryan. 
The  tests  there  referred  to  were  made  on  a  cast-iron  ring.  The  maxi- 
mum temperature  employed  was  3600.  The  details  of  the  measure- 
ments are  not  given.  A  short  paper  by  Dr.  Wilhelm  Kuntz  appeared 
in  the  Elcctrotcchnischc  Zcitschrift,  13,  May  6,  1892.  In  this  Dr.  Kuntz 
showed  that  the  hysteresis  loss  decreased  with  rise  of  temperature. 
A  second  paper  by  the  same  author  appeared  in  the  Electrotcchnische 
Zeitschrift,  15,  April  5,  1894.  The  magnetometer  method  was  used 
by  Dr.  Kuntz  in  this  work.  In  this  paper  tests  of  several  ferrous 
materials  are  given,  as  well  as  some  on  a  specimen  of  nickel. 

At  the  outset  of  this  research  it  was  decided  that  alternating  cur- 
rents should  be  used  and  that  the  losses  should  be  determined  by  a 
Wattmeter,  thus  reducing  the  time  required  for  observations  to  a  min- 
imum. The  instrument  which  we  designed  and  used  is  shown  in 
Figure  1.  We  have  decided  to  call  the  arrangement  a  Watt-balance. 
Mr.  A.  E.  Kennelly  has  given  in  the  Electrical  Engineer,  December 
21,  1892,  a  description  of  a  "Differential  Wattmeter."  This  instru- 
ment gives  the  difference  of  the  mean  values  of  two  definite  integrals 
representing  the  primary  and  secondary  energy  in  a  transformer,  that 
is,  the  losses.     The  Watt-balance  measures  the  ratio  of  the  mean  val- 
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ues  of  two  definite  integrals.  It  can  therefore  be  used  to  measure  the 
efficiency  of  a  convertor,  giving  the  result  by  a  single  reading. 

The  Watt-balance  consists  of  two  electrodynamometer  Wattmeters, 
one  above  the  other.  The  movable  coils  are  rigidly  connected  in  our 
instrument  by  a  spiral-wound  paper  tube,  and  consist  of  100  turns  of 
silk-covered  German  silver  wire  No.  32  B.  &  S.  gauge.  The  resist- 
ance, including  leads,  is  103  ohms ;  the  diameter  of  coils,  2  cm.  In 
series  with  the  movable  coils  are  two  adjustable  resistances,  rx  and  rv 
as  shown  in  Figure  2.  The  stationary  coils  are  arranged  in  pairs  ; 
each  is  2.3  cm.  in  mean  radius,  and  contains  130  turns  of  No.  12  cot- 
ton-covered wire.  They  are  movable  along  their  axes,  so  that  the 
factor  of  the  instrument  may  be  adjusted.  The  vertical  distance  be- 
tween the  two  dynamometers  is  30  cm.  The  movable  parts  are  sus- 
pended by  a  silk  thread  inside  a  narrow  paper  tube  to  prevent  disturb- 
ance by  air  currents,  and  directive  force  is  given  by  four  spiral  springs, 
made  of  copper  wire  0.005  cm.  in  diameter.  These  springs  serve  as 
leading  in  wires  for  the  movable  coils.  The  instrument  is  read  by  a 
telescope  and  scale. 

In  Figure  2  is  shown  the  scheme  of  connections  for  a  hysteresis 
test.  At  the  left  the  slide  resistances  for  controlling  the  currents  are 
shown.  By  the  proper  insertion  of  the  connection,  C,  either  a  direct 
or  an  alternating  current  could  be  sent  through  the  remainder  of  the 
apparatus,  which  in  the  main  circuit  consisted  of  an  electrodynamom- 
eter, one  pair  of  stationary  coils,  the  specimen  under  test,  a  known 
resistance,  R,  of  German  silver  strip  immersed  in  kerosene  oil  to  keep 
it  at  a  constant  temperature,  and  the  second  pair  of  fixed  coils.  At 
one  terminal  of  R  a  connection  was  made  by  means  of  a  short  piece 
of  stout  wire  and  a  key,  A';  beyond  the  key  the  circuit  branched,  pass- 
ing through  the  adjustable  resistances  rx  and  r2,  the  proper  movable 
coils,  and  returning  one  lead  to  the  external  terminal  of  the  specimen, 
and  the  other  to  the  corresponding  terminal  of  R.  The  resistance  rt 
was  some  hundreds  of  ohms,  seldom  falling  below  300,  and  was  more 
frequently  in  the  neighborhood  of  1,000;  r2  was  kept  at  a  constant 
value,  976  ohms.  The  resistances  t\  and  r2  were  ordinary  plug  boxes, 
and  the  assumption  was  made  throughout  the  work  that  the  resistances 
of  circuits  rx  and  r2  were  so  high  in  comparison  with  their  inductances 
that  no  correction  factor  need  be  applied  to  the  indications  of  the 
Watt-balance.  It  may  be  well  to  mention  that  the  use  of  high  resist- 
ances  constructed  in  the  usual  way  by  double  winding  may  lead  to 
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serious  errors  in  alternating  current  measurements  on  account  of  the 
capacity  effects. 

If  the  plug  C  be  inserted  so  that  a  current  flows  in  the  apparatus, 
and  no  deflection  is  observed,  then  the  factors  of  the  upper  and  lower 
dynamometers  are  equal ;  if  the  key  K  is  depressed,  there  will  in  gen- 
eral be  a  deflection,  which  may  be  reduced  to  zero  by  adjusting  rv  as 
a  zero  reading  means  that  the  average  values  of  the  products  of  the 
currents  in  the  two  coils  of  the  upper  and  lower  dynamometers  are 
the  same.  It  is  known  that  the  work  in  5  bears  the  same  ratio  to  the 
work  in  R  that  the  total  resistance  in  circuit  rx  does  to  the  total  resist- 
ance in  circuit  rv  If  the  current  is  alternating,  the  work  in  5  is  of 
course  divided  between  hysteresis  and  heating  losses.  No  allowance 
has  been  thought  necessary  for  the  work  done  in  the  suspended  coils. 
If  Ws  and  WR  represent  the  work  in  the  specimen  and  in  R,  then 

W,—  ur.{  n  +  103  \  _  /»  R  (r,  +  103) . 


=  IV     /  >•!  +  103  \        /'  .ff  (n  +  1( 
\  r2  +  103  /  r2  +  103 


I2  is  given  by  the  electrodynamometer  D  YN. 

To  correct  for  the  heating  loss  in  5  a  direct  current  of  any  con- 
venient magnitude  is  sent  through  the  circuit,  and  a  second  balance, 
r^,  obtained. 

R  =  1,079  ohms,  r2  =  976  ohms;  so  Ws  =   JL—  fa  —  n»). 

1UUU 

It  will  be  seen  that  the  Watt-balance  as  used  in  the  present  case  is  a 
Wattmeter  with  an  electrodynamic  control.  The  advantage  derived 
from  obtaining  this  control  by  shunting  a  portion  of  the  main  current 
is  that  any  manipulation  of  the  circuits  does  not  disturb  the  equilib- 
rium of  the  instrument,  and  that  it  renders  it  possible  to  use  the 
instrument  in  a  null  instead  of  a  compensation  method. 

As  the  hysteresis  loss  is  a  function  of  the  maximum  magnetization, 
denoted  by  B,  it  was  necessary  to  provide  some  means  by  which  the 
maximum  might  be  kept  constant  and  its  value  determined.  The  de- 
vice sketched  in  Figure  3  was  used  for  this  purpose.  In  addition  to 
the  magnetizing  coil  the  specimen  was  provided  with  a  winding  of  24 
turns,  which  was  connected  in  series  with  an  adjustable  resistance  of 
874  ohms  during  the  tests,  and  a  galvanometer  of  126  ohms.  Leads 
were  carried  to  the  dynamo  room,  and  terminated  in  brushes  which 
rested  on  the  edge  of  an  ebonite  disk  1 1  inches  in  diameter,  fastened 
rigidly  to  the  dynamo  shaft ;  the  brushes  were  carried  by  a  radial  arm, 
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the  motion  of  which  is  controlled  by  a  small  magneto-motor  driven  bj 
three  Leclanche  cells.  The  motor  was  governed  by  a  reversing  key 
in  the  testing  room,  about  one  hundred  feet  away.  The  alternator 
used  had  ten  poles,  thus  making  the  length  of  a  wave  720.  A  piece 
of  brass,  360  or  one  half  a  wave  long,  was  set  into  the  edge  of  the 
disk,  and  the  whole  carefully  trued  up.  When  the  dynamo  was  in 
action  the  B  current  was  closed  once  during  a  revolution  and  for  a 
time  corresponding  to  one  half  a  wave  length.  The  galvanometer 
then  performs  the  operation 


*  {*  +  * 


fifteen  hundred  times  a  minute.     The  value  of  this  integral  will  be  a 
maximum  when  it  extends  over  the  time  between  +  B  and  —  B.     By 


F/Q.3. 

the  use  of  the  key  Kx  the  brushes  may  be  shifted  and  the  reading  of 
the  galvanometer  brought  to  its  greatest  value.  With  the  dynamo 
running  at  its  normal  speed  a  Leclanche  cell,  E.  M.  F.  1.4  volts,  was  in- 
serted in  the  circuit ;  Rh  was  1,374  ohms,  and  the  deflection  21.2  cm.  ,- 
with  brushes  short-circuited  and  Rh  equal  to  14,874  ohms  the  deflec- 
tion was  21.8  cm.,  the  ratio  of  deflection  being  .972.  If  the  brushes 
made  perfect  contact,  and  there  was  no  self-induction  effect,  the  ratio 
would  be  unity,  the  entire  cycle  of  operation  being  performed  in  a  time 
short  compared  with  the  period  of  the  galvanometer.  During  the  tests 
the  reading  with  Rh=  1,374  was  frequently  repeated  in  order  that  the 
brushes  might  be  kept  in  as  uniform  a  condition  as  possible.. 

Owing  to  the  manner  in  which  the  specimen  is  constructed,  the 
area  included  in  the  B  winding  is  but  partially  occupied  by  the  iron. 
In  calculating  the  approximate  values  of  B  no  allowance  has  been 
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made  for  this,  as  the  permeability  is  high  in  the  cases  where  B  has 
been  determined.  If  observations  were  taken  at  temperatures  where 
the  permeability  was  very  low,  it  would  be  necessary  to  apply  a  cor- 
rection for  this  unoccupied  area.  The  values  of  B  were  calculated  by 
the  formula 

20  A  JVn/i'D' 

D  is  the  deflection  corresponding  to  the  value  of  B  to  be  found.  R  is 
the  resistance  in  circuit  Rli ;  N,  the  number  of  turns  on  B  winding ; 
n,  the  number  of  revolutions  per  second.  A  is  the  area  of  the  iron 
included  in  the  B  windings.  D1  is  the  deflection  of  the  galvanometer 
when  an  E.  M.  F.  of  magnitude  El  and  a  resistance  Rl  are  inserted  in 
the  circuit  Rh,  the  dynamo  turning  at  the  normal  rate. 

The  furnace  used  for  heating  the  specimen  was  built  of  fire-brick ; 
the  external  diameter  was  about  36  inches,  height  18  inches.  Inside 
the  fire-brick  was  a  layer  of  asbestos  wool  2&  inches  thick,  kept  in 
place  by  asbestos  board,  which  was  protected  by  thin  sheet  iron.  The 
box  containing  the  specimen  was  made  of  asbestos  board  about  1^ 
inches  in  thickness,  and  lined  with  retort  cement.  During  the  tests 
it  was  tightly  closed.  The  furnace  was  heated  by  three  blast  jets 
made  of  gas  pipe  ;  the  external  tubes  were  ^  inch  inside  diameter, 
the  inner  tube  |  inch.  The  supplies  of  gas  and  air  were  regulated 
by  slide  valves.  The  jets  were  directed  into  the  furnace  tangentially 
and  with  a  slight  upward  inclination,  the  effect  being  to  establish  a 
good  circulation  and  keep  the  interior  of  the  furnace  at  a  uniform 
temperature. 

The  specimen  upon  which  the  following  tests  were  made  was  com- 
posed of  so-called  French  steel,  which  showed  on  analysis  the  follow- 
ing impurities : 

Manganese 0.535  per  cent. 

Phosphorus 0.013  per  cent. 

Silicon 0.0S5  per  cent. 

Sulphur 0.01S  per  cent. 

Carbon 0970  per  cent. 

The  mass  of  iron  employed  was  628  grams.  From  this  material, 
which  was  four  one-thousandths  of  an  inch  thick,  rings  of  3  inches'  out- 
side and  2  inches'  inside  diameter  were  stamped,  and  the  specimen 
formed  by  piling  them.     Each  was  insulated  from  its  neighbors  by  a 
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layer  of  pipe  clay,  applied  as  a  sort  of  paint,  the  clay  having  been 
moistened  with  alcohol.  Every  tenth  layer  was  insulated  with  mica. 
The  pile  so  formed  was  wrapped  with  asbestos  cloth,  and  the  magnet- 
izing coil  of  36  turns  of  No.  14  copper  wire  wound  on.  The  wire  was 
insulated  by  winding  it  with  asbestos  twine.  Interwound  with  the 
magnetizing  coil  was  the  B  coil  of  24  turns.  These  two  windings 
formed  on  the  outside  of  the  specimen  a  single  layer.  .The  tempera- 
tures were  determined  by  a  Le  Chatelier  pyrometer,  calibrated  by 
known  melting  points.  The  hot  junction  was  placed  inside  the  asbes- 
tos wrapping  resting  against  the  iron ;  the  leads  were  brought  out 
through  the  usual  double-cored  fire-clay  tube ;  this  was  surrounded  by 
a  piece  of  gas  pipe  thoroughly  wrapped  in  asbestos  cloth,  because  in 
using  this  pyrometer  in  a  case  like  the  present,  where  the  leads  pass 
from  the  hot  junction  through  a  space  at  a  higher  temperature  at 
a  short  distance  from  the  junction,  it  is  necessary  to  guard  against 
conduction  along  the  leads,  and  consequent  errors  in  the  temperature. 
The  manner  of  making  the  tests  and  the  subsequent  calculation 
was  as  follows  :  Owing  to  the  construction  of  the  furnace,  the  speci- 
men being  well  shielded  from  the  heat  of  the  flames  by  the  internal 
chamber,  the  air  insulation,  and  its  own  asbestos  covering,  the  tem- 
perature of  the  iron  rises  gradually ;  consequently  the  specimen  will 
be  at  very  nearly  a  uniform  temperature.  When  a  reading  is  desired 
the  alternating  current  is  turned  on  and  the  i?  deflection  adjusted  to  its 
maximum  value  by  A'1  and  to  its  correct  numerical  value  by  varying 
the  magnetizing  current.  Watt-balance  resistance  rx  is  now  adjusted, 
and  the  pyrometer  reading  corrected  for  zero,  and  dynamometer  read- 
ing and  time  observed  ;  after  a  few  minutes  the  observations  are  re- 
peated, the  temperature  having  risen  in  the  mean  time.  This  process 
is  kept  up  until  the  iron  loses  its  magnetism.  Occasionally  a  direct 
current  was  sent  through  the  apparatus,  and  the  Watt-balance,  dyna- 
mometer, and  pyrometer  readings  taken ;  these  allow  the  value  of  r^  in 
the  hysteresis  formula  to  be  determined  by  making  a  plot,  the  coordi- 
nates being  Watt-balance  and  pyrometer  readings ;  from  the  plot  the 
value  of  /j1,  corresponding  to  any  pyrometer  reading,  may  be  read 
off.  The  electrodynamometers  were  calibrated  by  sending  a  direct 
current  through  them  and  measuring  the  P.  D.  at  the  terminals  of  a 
known  resistance  by  projection  against  the  E.  M.  F.  of  a  Clark  cell  ; 
the  values  of  deflections  and  currents  squared  were  plotted,  giving 
straight  lines.     I2  was  determined  by  reference  to  these  plots.     The 
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zero  errors   of  the  dynamometers   employed  were  very  variable,  and 
were  determined  after  each  reading. 

The  results  of  the  measurements  will  now  be  given.     They  are 
plotted  as  referred  to  at  the  beginnings  of  the  several  tables. 

TABLE   I. 

First  Heating  :  Ascending  Curve. 

(See  Figure  4.) 

B  =  1970.     n  =  125.     Wh  =  Hysteresis  loss  in  specimen. 


w„. 

Temperature.    ° 

w„. 

Temperature.    ° 

.852 

23 

.678 

387 

.834 

45 

.526 

440 

.845 

67 

.456 

4S1 

.845 

98 

.331 

546 

.817 

132 

.241 

595 

.809 

1S1 

.130 

672 

.818 

272 

.088 

709 

.742 

347 

.... 

.... 

The  specimen  lost  its  magnetic  properties  so  rapidly  that  further 
measurements  could  not  be  taken  on  the  ascending  curve. 


TABLE  I. 
Descending. 


Temperature. 


.0 

7S7 

.161 

576 

.206 

503 

.255 

445 

.290 

417 

Power  shut  off. 


■■■■i 
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table  II. 

Second  Heating:     Ascending. 

(See  Figure  5.) 

B  =  1974.    *  =  125. 


w„. 

Temperature.  ° 

w„. 

Temperature.  ° 

.516 

20 

.149 

632 

.520 

75 

.121 

653 

.519 

108 

.115 

662 

.522 

160 

.093 

679 

.440 

269 

.083 

688 

.407 

310 

.094 

692 

.378 

345 

.104 

693 

.340 

397 

.130 

693 

.321 

423 

.130 

693 

.311 

43S 

.142 

693 

.293 

470 

.144 

693 

.25S 

511 

.142 

692 

.228 

555 

.140 

694 

.167 

593 

.... 

.... 

Inspection  of  the  plots  shows  (Figures  4  and  5)  that  for  this 
sample  of  steel  a  moderate  elevation  of  temperature  up  to  about  270° 
has  but  a  small  influence  on  the  hysteresis  loss  ;  that  at  this  point  a 
change  takes  place,  and  the  diminution  of  hysteresis,  with  rise  of 
temperature,  is  much  more  rapid,  the  decrease  being  such  that  at  6750 
the  loss  is  but  13  per  cent,  of  its  value  at  ordinary  temperatures. 
After  heating  above  the  inflection  point,  the  specimen  shows  on  cool- 
ing a  marked  decrease  of  the  hysteresis  loss  from  its  value  at  the 
same  temperature  on  the  ascending  curve.  If  the  specimen  be  heated 
again,  a  change  of  direction  of  the  curve  takes  place,  but  at  a  lower 
temperature.  The  second  plot  (Figure  5)  shows  an  increase  of  the 
hysteresis  loss  after  the  point  of  inflection  has  been  reached.  As  only 
two  heatings  were  made,  we  were  unable  to  verify  these  observations, 
the  results  of  which  became  apparent  only  when  they  were  reduced. 
In  addition  to  the  experiment  at  high  temperatures,  the  following  ob- 
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servations  were  made.  A  specimen  was  made  up  and  the  loss  meas- 
ured at  the  ordinary  temperatures  ;  a  mean  of  three  measurements 
gave  .289  Watts  as  WH.  The  specimen  was  then  covered  with  a  mix- 
ture of  solid  carbonic  acid  and  ether ;  a  mean  of  three  measurements 
showed  W„  as  .288  Watts,  showing  that  there  is  practically  no  change 
of  hysteresis  for  a  diminution  of  temperature  to  about  —  8o°. 


Fi<k!r, 


Between  the  ascending  and  descending  observations  of  the  second 
heating,  readings  were  taken  for  the  purpose  of  finding  whether  the 
temperature  at  which  the  iron  becomes  markedly  magnetic  on  cooling 
is  the  same  as  that  at  which  the  sudden  diminution  of  the  magnetic 
properties  occurs  on  heating.  Simultaneous  readings  of  the  B  gal- 
vanometer and  pyrometer  were  taken,  the  current  remaining  constant, 
no  adjustment  for  maximum  was  made.  The  readings,  together  with 
some  from  the  descending  curve  of  the  first  heating,  are  given  below, 
and,  after  being  corrected  for  zero,  are  plotted  in  Figure  6. 
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TABLE   III. 


First  Heating. 

Second 

Keating. 

B  reading. 

Pyrometer. 

B  reading. 

Pyrometer. 

38.8 

7.17 

28.1 

6.99 

38.8 

7.10 

29.9 

7.01 

38.8 

7.05 

31.0 

7.02 

38.8 

7.00 

32.1 

7.03 

3S.7 

6.95 

33.4 

7.05 

38.55 

6.90 

34.8 

7.10 

38.15 

6.83 

36.1 

7.11 

37.70 

6.80 

37.2 

7.12 

37.00 

6.73 

37.9 

7.13 

36.3 

6.69 

38.3 

7.14 

33.65 

6.51 

38.6 

7.15 

31.2 

6.45 

38.7 

7.15 

.... 



38.6 

7.19 

.... 

.... 

38.8 

7.14 

.... 

.... 

38.75 

7.10 

.... 

.... 

38.75 

7.03 

.... 

.... 

38.7 

7.01 

.... 

.... 

38.65 

6.98 

.... 



38.55 

6.95 

.... 

.... 

38.25 

6.93 

.... 

.... 

37.85 

6.90 

.... 

.... 

37.1 

6.85 

.... 

.... 

36.5 

6.84 

.... 



34.1 

6.76 

.... 

.... 

32.7 

6.73 

.... 

.... 

30.7 

6.70 

Figure  6  shows  that  the  two  points  do  not  coincide,  that  on  the 
descending  being  about  120  lower  than  that  on  the  ascending  curve. 
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The  difference  of  form  of  the  curves  is  noticeable,  showing  that  the 
regaining  of  magnetic  properties  on  cooling  is  more  gradual  than  their 


Pyr.. 


610 


6SO 


r~/Cl. 


700 


loss  on  heating ;  the  sudden  exaltation  of  magnetic  properties  occurs 
at  the  same  temperature  in  the  first  and  second  coolings. 

At  the  time  of  this  writing  the  research  has  not  been  fully  com- 
pleted. We  are,  however,  now  engaged  on  further  experiments,  and 
hope  to  present  additional  data  in  the  near  future. 
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STUDIES   ON   THE   VOLTAIC  CELL.     IV 

The   Electrometric    Determination    of   the  Solubility  of 
So— Called   Insoluble   Salts. 

By  H.  M.  GOODWIN,  Ph.D. 

Received  June  I,  1895. 

The  absolute  potential  difference  between  a  metal  and  a  liquid  is, 
according  to  the  modern  osmotic  theory  of  the  voltaic  cell,  determined 
by  a  constant  characteristic  of  the  metal  (its  electrolytic  solution  pres- 
sure), and  the  partial  osmotic  pressure  or  concentration  of  the  ions  of 
the  metal  in  the  solution.  This  fundamental  law  has  been  deduced 
and  shown  in  a  previous  paper2  to  be  completely  verified  by  a  large 
number  of  experiments  extended  to  elements  in  which  the  kathion 
concentration  was  varied  between  very  wide  limits.  The  exact  ex- 
pression for  the  potential  difference  of  all  reversible  electrodes  is 

RT   ,    Rm 

7r  =  In    — — 

tie  to  P 

=  5^9    Tin    *JL  X    10~ *  volt  (1) 

where  tt  is  the  P.  D.  between  the  metal  and  liquid,  R  the  gas  constant, 
T  the  absolute  temperature,  «e  the  valence  of  the  metal  composing  the 
electrode,  c0  the  quantity  of  electricity  carried  by  each  univalent  ion, 
PM  the  electrolytic  solution  pressure  of  the  metal,  and  /  the  partial 
osmotic  pressure  of  its  ions  in  the  solution. 

The  E.  M.  F.  of  any  reversible  element  in  which  both  electrodes 
are  of  the  same  metal  is,  therefore  (neglecting  the  small  P.  D.  at  the 
junction  of  the  liquids), 

E  =    0860r    In   A  X  10-   volt,  (2) 

»e  Pi 

in  which    ?l    may  evidently  be  taken  as  the  ratio  of  the  concentration 
Pi 


■Translated  and  rewritten  from  Part  III,  "  Studien  zur  Voltasche  Ketten,"  Zeitschrift  fur 
Physikalische  Chemie,  13,  577,  1894. 

a  Technology  Quarterly,  7,  329,  1894. 
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of  the  kathions  at  the  two  electrodes.  The  validity  of  this  formula 
having  once  been  established,  it  is  evident  that,  knowing  the  E.  M.  F. 
of  the  cell  and  the  kathion  concentration  at  one  electrode,  we  can  cal- 
culate the  kathion  concentration  at  the  other.  If  this  latter  electrode 
is  an  electrode  of  the  second  kind,  i.  e.,  a  metal  in  a  saturated  solution 
of  one  of  its  salts  (the  depolarizer)  in  presence  of  a  second  soluble 
salt  with  identical  anion,  a  determination  of  its  kathion  concentration 
leads  to  a  determination  of  the  actual  solubility  of  the  depolarizer. 

The  possibility  of  calculating  the  solubility  of  insoluble  salts  from 
electrometric  measurements  was  first  pointed  out  by  Ostwald  in  1892.1 
Conclusions  regarding  the  relative  solubility  of  a  number  of  salts 
(mostly  complex)  have  since  been  drawn  by  Zengelis2  from  the  elec- 
tromotive force  of  elements  in  which  they  were  used  as  depolarizers, 
and  Behrend3  has  applied  the  above  theory  to  a  method  of  electro- 
metric  analysis. 

The  following  measurements  are,  however,  the  first  which  have 
been  made  with  the  view  of  actually  determining  the  solubility  of 
very  difficultly  soluble  salts,  so  far  as  I  am  aware.  The  method  is  of 
particular  interest  since  the  appearance  of  the  papers  by  Kohlrausch 
and  Rose4  and  Holleman5  in  which  measurements  of  the  electrical 
conductivity  of  saturated  solutions  of  difficultly  soluble  salts  have  been 
applied  to  the  same  end. 

The  form  of  element  which  first  suggested  itself  as  well  suited  to 
solubility  determinations  was  the  following,  consisting  of  an  electrode 
of  the  first  and  second  kind  : 

Ag  xAgNO,  A«C';"  I  Ag. 

x  KC1 

The  E.  M.  F.  of  this  element  is  given  by  formula  (2),  in  which  px  is 
the  concentration  of  the  Ag-ions  in  the  nitrate  solution  (equal  to  its 
concentration  x  multiplied  by  its  dissociation),  and /2  is  the  concen- 
tration of  Ag-ions  in  the  chloride  solution.  This  is  determined  by 
Nernst's  second  solubility  principle,  which,  applied  to  the  above  case, 
requires  that  the  product  of  the  Ag-  and  Cl-ions  shall  under  all 
conditions  remain  constant,  that  is,  if  /2  is  the  concentration  of  the 


'Ostwald,  Lehrbuch,  II  (2d  edition),  879. 

"Zengelis,  Zeitschrift  fur  physikalische  Chemie,  12,  298,  1893. 

'Kehrend,  ibid.,  11,  466,  1893. 

'Kohlrausch  and  Rose,  ibid.,  ia,  324,  1893. 

5  Holleman,  ibid.,  12,  125,  1893. 
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Ag-ions,  and  consequently,  also,  of  the  Cl-ions  coming  from  the  silver 
chloride,  and  p  that  of  the  Cl-ions  coming  from  the  potassium  chloride, 

then 

pi  ( Pi  +  P  )  =  -f2 

where  s  is  the  solubility  of  silver  chloride  in  pure  water,  its  dissocia- 
tion in  this  very  dilute  solution  being  assumed  to  be  complete. 
Since /2  is  evidently  negligible  compared  with/,  we  obtain  for/2 

pi  — -, 


which  substituted  in  (2)  gives 

Tin    i 


E  =  0.860  Tin  hi  X  10~*  volt, 


or 

E  =  Cln  111, 

r 

where,  for  25°,  C  =  0.02S6. 
Solving  this  equation  for  s  we  obtain 


where  E 


P\P 

^=  (3) 


c 


Hence,  knowing  the  concentration  and  dissociation  of  the  silver 
nitrate  and  potassium  chloride  solutions  and  the  E.  M.  F.  of  the  cell, 
we  can  calculate  the  solubility  of  the  depolarizer,  silver  chloride. 

Although  the  above  formula  involves  E  as  an  exponent  whereby  a 
small  error  in  the  measurement  of  the  electromotive  force  introduces 
a  large  error  in  s,  yet  from  the  peculiar  form  of  the  function  it  is  easy 
to  see  that  an  error  greater  than  6  or  8  per  cent,  is  in  no  case  to  be 
feared.     For  the  error  A  s  in  s  produced  by  an  error  8  E  in  E  is 


A'--- fc** 


or  the  percentage  error  is 


100  a  j 100  x  e 

— ; —  ic        ' 

that  is,  the  percentage  error  in  s  is  proportional  to  the  absolute  error 
in  E.  An  error  of  0.00 1  volt  in  the  determination  of  the  electromo- 
tive force  at  25°  would,  therefore,  introduce  an  error  in  s  of 

100  x  0.001     =  a* 
2    X  0.0256  '" 

approximately,  quite  independent  of  the  absolute  value  of  E. 
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Since  the  experimental  error  in  the  measurement  of  the  electro- 
motive force  of  reversible  cells  of  the  above  type  is  usually  not 
greater  than  o.ooi  —  0.002  volt,  and  under 'the  worst  conditions  not 
greater  than  0.004  v°lt,  an  error  in  the  solubilities  computed  from 
them  greater  than  6  or  8  per  cent,  is  not  to  be  feared.  An  error  of 
this  magnitude,  although  large  for  most  exact  work,  is  not  astonish- 
ing when  the  extreme  minuteness  of  the  solubilities  in  question  is 
considered.  A  glance  in  any  chemistry  at  the  quoted  solubilities  of 
the  so-called  insoluble  salts  shows  the  great  uncertainty  with  which 
they  are  known.  Determinations  by  different  investigators  disagree 
often  by  multiples  of  each  other,  compared  with  which  errors  of  even 
8  or  10  per  cent,  fall  into  insignificance. 

I  have  chosen  as  examples  by  which  to  illustrate  the  proposed 
method,  the  halogen  silver  salts.  Their  solubilities  were  determined 
at  2 50  from  measurements  of  the  E.  M.  F.  of  elements  consisting  of 
silver  in  silver  nitrate,  on  the  one  hand,  and  silver,  with  an  electro- 
lytically  deposited  coating  of  silver  chloride,  bromide,  or  iodide  in  the 
corresponding  halogen  salt  of  potassium,  on  the  other.  The  silver 
electrodes  were  in  all  cases  first  coated  with  a  fine  electrolytic  deposit 
of  silver  to  insure  uniformity  of  surface.  To  obtain  the  best  results 
the  silver  must  be  slowly  deposited  from  a  cyanide  solution.  To  pre- 
vent the  precipitation  at  the  junction  of  the  silver  nitrate  and  halogen 
solutions  a  solution  of  potassium  nitrate  was  interposed.  The  P.  D. 
residing  at  the  two  resulting  liquid  junctions  can  easily  be  calculated  by 
Planck's1  formula  for  diffusion  cells,  and  gives  for  the  silver  nitrate  — 
potassium  nitrate  junction,  0.0023  volt  from  the  former  to  the  latter 
solution,  and  for  the  potassium  nitrate  —  potassium  chloride  junction, 
0.0009  v°lt  m  tne  reverse  direction.  The  resulting  P.  D.  of  0.0014 
volt  should,  therefore,  be  subtracted  from  the  total  electromotive  force 
of  the  cell  to  obtain  the  E.  M.  F.  arising  from  the  electrodes  alone. 
As  the  P.  D.  of  a  diffusion  cell  is  independent  of  its  concentration, 
and  as  the  velocity  of  migration  of  all  halogen  ions  is  practically  the 
same,  the  above  calculated  correction  is  a  constant  for  all  of  the  cells 
investigated.  I  have,  however,  neglected  to  apply  this  correction  in 
the  following  computations,  as  it  falls  within  the  limits  of  experi- 
mental error,  which  was  found  to  amount  to  about  0.00 1  — 0.003  vo^- 
To  allow  for  it,  however,  one  has  only  to  increase  the  computed  mean 


'  Wiedemann's  Annalen,  40,  1890. 
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solubilities  by  2  X  1.4  =  2.8  per  cent.,  as  we  have  seen  an  error  of 
0.00 1  volt  produces  about  2  per  cent,  change  in  the  solubility.  In 
all  measurements  the  cells  were  immersed  in  a  thermostat  at  250 
to  insure  constancy  of  temperature.  The  E.  M.  F.  usually  assumed  a 
constant  value  within  a  few  minutes  after  setting  up  the  cells. 

It  was  found  by  special  experiments  that  within  the  experimental 
error  the  action  of  light  had  no  effect  on  the  electromotive  force,  so 
that  no  precautions  were  taken  to  prepare  and  keep  the  electrodes  in 
the  dark. 

The  results  are  given  in  the  following  tables  :  In  the  first  column 
is  the  concentration  of  the  solutions,  experiments  being  made  on  cells 
of  different  concentrations  to  test  the  independence  of  the  calculated 
solubility  of  the  depolarizer  of  the  nature  of  the  cell.  The  observed 
values  of  the  E.  M.  F.  are  given  in  the  second  column,  and  the  solu- 
bility of  the  depolarizer  computed  by  formula  (3)  in  the  third.  The 
values  of  the  dissociation  of  the  nitrate  and  chloride  solutions  were 
computed  from  Kohlrausch's  conductivity  measurements.  The  solu- 
bility of  the  same  salts  as  calculated  by  Kohlrausch  and  Rose,  and  by 
Holleman  from  measurements  of  the  electrical  conductivity  of  their 
saturated  aqueous  solutions,  are  also  given.  I  have  recalculated  these 
at  250  for  the  chloride  and  bromide  by  Kohlrausch  and  Rose's 
formula 

p%  =  A*  J  1  +  *  (  *  —  18  )  I ! 
as  the  value  of  a  for  the  iodide  is  not  given,  the  recomputation  of  its 
solubility  at  250  was  impossible. 

TABLE  I. 
Solubility  of  AgCl  at  25°. 


Concentration  of  AgNOs 
and  KC1. 

Observed  E.  M.  F. 

Solubility  calculated  by  formula  3. 

0.1 

0.451 

1.24  X  10-5 

0.449 

1.2S  X  10"5 

0.05 

0.418 

1.25  X  10~5 

... 

0.419 

1.23  X  10~s 

Mean 

Kohlrausch  and  Rose, 
Holleman 


1.25  X  10-'  at  25° 
1.44  X  10-5  at  25° 
1.81  X  10~5  at  26.5° 
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TABLE   II. 
Solubility  of  AgBr  at  25° 


Concentration  of  AgNOa 
and  KBr. 

Observed  E.  M.  F. 

Solubility  calculated  by  formula  3. 

0.1 

0.598 

7.1  X  10-' 

• 

0.603 

6.4  X  10-' 

... 

0.597 

7.2  X  lO-7 

0.05 

0.570 

6.4  X  10-' 

... 

0.571 

63  X  10-7 

... 

0.570 

6.4  X  10~7 

Mean 6.6  X  10~7  at  25° 

Kohlrausch  and  Rose,      20.9  X  10~7  at  25° 
Holleman 30.2  X  10~7  at  25° 


TABLE  III. 
Solubility  of  Agl  at  25°. 


Concentration  of  AgNOs 
and  KI. 

Observed  E.  M.  F. 

Solubility  calculated  by  formula  3. 

0.1 

0.815 

1.02  X  10-" 

... 

0.813 

1.06  X  10-' 

0.05 

0.815 

1.02  X  10-' 

... 

0.787 

0.94  X  10-' 

... 

0.786 

0.%  X  io-" 

... 

0.790 

0.88  X  10-' 

Mean        0.97  X  IO"8  at  25° 

Kohlrausch  and  Rose,      60.0     X  10-'  at  18° 
Holleman  .     .     .     395.0     X  10~"  at  28.4° 


In  the  first  place  it  is  to  be  noticed  that,  as  predicted,  the  solubility- 
is  independent  of  the  concentration  of  the  cell.  This  is  particularly 
well  verified  in  the  case  of  the  chloride,  and  sufficiently  so  in  the 
other  two  cases.     Also  the  decreasing  solubility  of  the  chloride,  bro- 
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mide,   and  iodide  inferred  by  Ostwald  and   Zengelis   from  E.  M.  F. 
measurements  is  completely  confirmed. 

A  comparison  of  the  actual  solubilities  with  those  obtained  by  the 
conductivity  method  is  of  still  greater  interest.  The  complete  agree- 
ment of  the  results  obtained  for  silver  chloride  by  two  such  totally 
different  methods  leaves  nothing  to  be  desired.  The  difference  be- 
tween the  results  obtained  by  the  two  methods  is,  in  fact,  less  than 
that  between  independent  determinations  by  the  same  method.  This 
agreement  between  the  two  methods  lends  great  weight  to  the  appli- 
cability of  them  both  to  solubility  determinations  of  salts  whose  solu- 
bility lies  in  the  region  for  which  the  methods  are  thus  tested.  In  the 
case  of  the  bromide  and  iodide,  however,  this  agreement  is  not  even 
approximately  present.  The  solubility  calculated  by  the  conductivity 
method  is  three  times  as  great  as  that  calculated  from  electrometric 
measurements  in  the  case  of  the  bromide,  and  over  sixty  times  as 
great  in  the  case  of  the  iodide. 

The  cause  of  this  wide  discrepancy  is,  I  believe,  to  be  found  in  the 
fact  that  absolutely  pure  preparations  of  the  less  soluble  halogen  salts, 
free  from  all  traces  of  the  precipitating  agents,  and  particularly  of 
traces  of  silver  chloride,  are  probably  impossible  to  prepare.  The 
effect  of  such  soluble  or  relatively  soluble  impurities,  small  as  they 
may  be,  on  the  conductivity  is  evidently  to  increase  it,  the  error  thus 
introduced  being  greater  the  less  soluble  the  salt  investigated. 

Thus  any  traces  of  the  solutions  from  which  the  bromide,  for  ex- 
ample, was  precipitated,  or  a  trace  of  silver  chloride,  would  go  into 
solution  before  the  bromide,  and  in  the  case  of  the  iodide  both  chlo- 
ride and  bromide  impurities  would  dissolve  before  the  salt  itself. 
When  it  is  remembered  that  the  conductivity  of  the  water  used  by 
Kohlrausch  and  Rose  was  1.0  to  2.0  referred  to  Hg  =  io10  as  unity, 
and  that  it  increased  only  0.20  and  0.06  units  when  saturated  at  180 
with  silver  bromide  and  silver  iodide,  respectively,  it  is  evident  that 
even  assuming  absolute  purity  of  the  preparations  we  are  working 
near  the  limit  of  applicability  of  the  conductivity  method  itself. 

On  the  other  hand,  slight  impurities  exert  practically  no  influence 
on  the  E.  M.  F.  of  an  element,  for  the  halogen  coated  electrodes  dip 
into  solutions  of  potassium  bromide  or  potassium  iodide,  whereby  any 
more  soluble  silver  salt  present  would  instantly  be  changed  over  into 
the  bromide  or  iodide,  as  the  case  might  be.  In  the  case  of  silver 
chloride,  impurities  of  bromide  or  iodide  would  affect  neither  the 
conductivity  nor  E.  M.  F.  to  any  appreciable  extent,  whereby  the  ex- 
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cellent    agreement    between    the    two  methods  for  this  salt  is  to  be 
explained. 

It  should,  moreover,  be  remembered  that,  whereas  the  accuracy  of 
the  conductivity  method  must  necessarily  diminish  with  diminishing 
solubility  of  the  salt,  this  is  not  so  in  case  of  the  electrometric 
method.  As  shown  on  page  168,  the  percentage  error  in  the  solubil- 
ity is  proportional  to  the  absolute  error  in  the  E.  M.  F.,  which  need 
not  exceed  0.002  —  0.003  v°lt-  Hence  the  accuracy  of  the  method 
does  not  diminish  with  decreasing  solubility  ;  on  the  contrary,  the 
formula  (3)  developed  on  page  168  holds  more  and  more  rigorously.  It 
seems,  therefore,  that  the  electrometric  method  is  unquestionably  the 
more  reliable  for  the  determination  of  exceedingly  small  solubilities, 
say  o.i  X  io-5  and  less,  its  value  increasing  with  decreasing  solubility 
and  conversely.  Unfortunately,  it  is  limited  in  its  applicability  to  salts 
of  those  metals  which  can  be  used  as  electrodes  ;  thus  the  insoluble 
salts  of  the  alkali  earths  cannot  be  investigated  by  this  method. 

On  the  other  hand,  the  conductivity  method  is  general  and  appli- 
cable to  all  salts.  It  is  particularly  convenient  for  determining  the 
solubility  of  a  salt  at  different  temperatures.  For  salts  whose  solu- 
bility lies  beyond  the  limit  of  exact  analysis,  say  1.  X  io-3  normal, 
and  is  less  than,  say  1.  X  \o~ 8  normal,  when J^^H^uliar  advantages 
of  the  electrometric    method   begin  to  be  ap;  <>ndte|^^x 

method  is  undoubtedly  to  be  preferred.     ThulH 
displace  but  supplement  each  other. 

In  order  to  compare  both  methods  not  only  with 
also  with  the  analytical,  the  results  of  which  could  not  be  questioneo!' 
I  determined  the  solubility  of  thallium  bromide  at  250  by  all  three 
methods.  A  saturated  solution  of  the  salt  was  prepared  by  rotating 
in  a  thermostat  at  250  a  solution  containing  an  excess  of  the  solid 
salt.  After  the  undissolved  salt  had  been  allowed  to  settle,  portions 
of  the  clear  solution  were  titrated  with  a  o.  1  -normal  silver  nitrate 
and  0.02-normal  potassium  sulphocyanate  solution,  with  iron  alum  as 
indicator.  The  conductivity  of  a  second  portion  of  the  same  solu- 
tion was  determined  by  the  usual  method  at  250.  If  the  value  of 
the  molecular  conductivity  of  thallium  bromide  at  infinite  dilution  is 
assumed  equal  to  that  of  thallium  chloride,  i.  e.,  /*„  =  140  (an  assump- 
tion undoubtedly  correct,  since  CI-  and  Br-ions  have  practically  equal 
velocities  of  migration),  and  further  that  the  bromide  is  completely 
dissociated,  then  s,  the  solubility,  is 

1+) 
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where  L  is  the  conductivity  of  the   saturated   solution  in  reciprocal 
ohms  multiplied  by  the  constant  of  the  cell. 

To  determine  s  electrometrically,  cells  of  the  following  type  were 
used  : 


Tl 

amalgam 


TIBr  in 

xKNOb 


TIBr  in 
xKBr 


Tl 
amalgam, 


as  it  was  found  that  the  E.  M.  F.  of  cells  in  which  one  electrolyte  was 
thallium  nitrate  was  very  inconstant.1  The  above  elements  gave  very 
constant  values.     The  E.  M.  F.  is  evidently  given  by  the  formula 


E  =  Chi 


i  (\//2  +  W-P) 
since,   as  already   shown,2  the  number  of  Tl-ions   in  the    potassium 
nitrate  solution  is  practically  the  same  as  in  a  saturated  aqueous  solu- 
tion.    It  is  here  assumed  as  before,  that  the  bromide  is  completely 
dissociated. 

Solving  this  equation  for  s  we  obtain 


,=  ./# 


-l 


where,  as  before, 


T!   dr  is  large  compared  with  i,  which  is  easily  seen  to  be  the  case 
!D  E  >  0.06  volt  (when  <f>2  =  100,  E  =  0.059),  we  can  put 

,-f  (4) 

by  which  formula  s  is  calculated  in  the  following  table.  This  table 
contains  in  addition  the  results  obtained  by  the  analytical  and  con- 
ductivity methods  : 

TABLE   IV. 
Solubility  of  TIBr  at  25°. 


Concentration  of 
KNOa  and  KBr. 

Observed 
E.  M.  F. 

j  calculated  by 
formula  (4). 

Conductivity 

of  saturated  TIBr 

solution. 

5  calculated  from      Analytical  deter- 
conductivity.       j      mination  of  s. 

0.2 
0.1 

0.1149 
0.1000 

0.00184 
0.00175 

0.27SO 
0.2S14 

0.00199 
0.00201 

0.00202 
0.00204 

1  Zeitschrift  fiir  physikalische  Chemie,  13,  602. 

2  Technology  Quarterly,  7,  343,  1894. 
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The  excellent  agreement  between  the  last  two  columns  proves  the 
applicability  of  the  conductivity  method  to  moderately  soluble  salts. 
The  wholly  independent  electrometric  method  leads  to  results  about 
10  per  cent,  lower.  It  must  be  remembered,  however,  that  the  method 
is  here  applied  to  a  salt  whose  solubility  lies  outside  the  region  in 
which  its  greatest  accuracy  is  claimed  to  lie.  The  comparison  of  the 
three  methods  is  nevertheless  interesting. 

Another  form  of  element  which  would  lend  itself  well  to  solubil- 
ity determinations  is  that  composed  of  two  electrodes  of  the  second 
kind,  both  of  the  same  metal  but  o."  different  depolarizers,  e.g.,  the 
element 


Hg 


HgCl 
1  x  KCl 


HgBr 
1  x  KBr 


Hg. 


The  electromotive  force  of  this  element  is  evidently  given  by  the 
formula 


where 


0.860  Tin   JL   X  lO-*  volt, 


pi  m.  ^SL,  p»  =  tUm    (see  page  168). 
/1  /1 


Substituting  these  values  in  the  above  equation, 

E  =  0.860  Tin   *H*L    X  lO-4  volt.  (5) 

If  the  solubility  of  one  of  the  depolarizers,  e.g.,  mercurous  chloride 
is  known,  that  of  the  other  can  at  once  be  calculated.  Thus,  assuming 
Kohlrausch  and  Rose's  value  1.3  X  io-5  for  the  solubility  of  calomel  at 
18°  and  E  =  0.133  vo't>  tne  va'ue  experimentally  found  for  the%above 
element  at  room  temperature,  we  obtain  for  the  solubility  of  mercurous 
bromide 

SHlBr=  *m  _  ti-x-io^  _  9.1  xio-7. 

V  P  /jura 

(     (i.n-'.-iii 

To  determine  the  solubility  of  any  other  mercury  salt  we  have 
simply  to  substitute  it  as  depolarizer  in  place  of  the  bromide,  replac- 
ing at  the  same  time  the  potassium  bromide  by  a  soluble  salt  with 
identical  anion.  In  applying  the  above  type  of  element  to  solubility 
determinations  the  solubility  of  at  least  one  difficultly  soluble  salt 
must   be  known,  to  which  the   solubility  of  the    others  is    referred. 
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This  may  be  determined  by  one  of  the  methods  already  mentioned, 
the  one  to  be  employed  being  determined  by  the  solubility  of  the  salt. 
As  the  solubility  of  mercurous  bromide  has  not  been  independently 
determined,  formula  (5)  cannot  be  directly  verified.  I  have  verified  it, 
however,  completely  for  the  exactly  similar  thallium  element,  the  solu- 
bility of  whose  depolarizers  was  known  by  analysis  beyond  all  question. 
The  solubility  of  thallium  chloride  at  250  was  found  to  be  s  =  0.016  ; 
that  of  thallium  bromide,  s  =  0.00203.  For  0.2-normal  solutions  of 
potassium  chloride  and  potossium  bromide  it  is  easily  shown  that  the 
conditions  under  which  formula  (5)  was  deduced  are  satisfied,  and 
hence  the  E.  M.  F.  of  the  element 


Tl 


T1C1 
in  0.2  KC1 


is  given  by  the  formula 

E  =  0.860  Tin 


TIBr 
in  0.2  KBr 


X   10       volt. 


Tl 


(6) 


Remembering  that  the  dissociation  of  T1C1  in  saturated  solution 
at  2 50  is  about  91.3,  we  obtain  for  the  calculated  E.  M.  F.  of  this  cell 
E  =  o.  10 1 5  volt,  whereas  it  was  actually  found  to  be  E  =  o.  101 3  volt. 
A  more  complete  confirmation  of  the  formula  and  theory  could  not  be 
desired. 

One  other  interesting  consequence  of  formula  (5)  should  be  men- 
tioned. It  follows  at  once  from  this  formula  that  the  E.  M.  F.  is  quite 
independent  of  the  concentration  of  the  potassium  chloride  and  potas- 
sium bromide  solutions.  This  consequence  of  the  theory  was  found 
to  be  confirmed  by  experiment,  as  the  following  table  shows : 


TABLE   v. 
E.  M.  F.  of  HgCl-HgBr  cells.    15° 


IS0. 


Concentration, 

Observed  E.  M.  F. 

0.2 

0.1336 

0.1 

0.133S 

0.05 

0.1335 

0.01 

0.1331 

0.002 

0.1323 

0.001 

0.1302 
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A  similar  series  of  experiments  on  the  analogous  thallium  ele- 
ments, however,  gave  only  an  approximately  constant  E.  M.  F.,  as  will 
be  seen  from  the  following  table  : 


TABLE  VI. 
E.  M.  F.  of  TICl-TlBr  cells.     25°. 


Concentration  of  KC1  and  KBr. 

Observed  E.  M.  F. 

Calculated  E.  M.  F. 

0.2 

0.1013 

0.1015 

0.1 

0.1007 

0.05 

0.0991 

0.025 

0.0958 

The  observed  and  calculated  values  agree  completely  only  for  the 
most  concentrated  solution.  The  observed  E.  M.  F.  of  the  last  three 
elements  deviates  more  and  more  from  that  calculated  by  (6)  as  the 
concentration  diminishes.  This,  however,  is  exactly  what  the  theory 
requires  in  this  case,  as  with  diminishing  concentration  the  condition 
under  which  formula  (6)  was  deduced,  namely,  that  the  solubility  of 
the  depolarizer  is  negligible  compared  with  the  concentration  of  the 

s2    < 

electrolyte  (or  more  precisely  _ _.  _  0.04),  becomes  less  and  less  ex- 
actly fulfilled.  Deviations  must,  therefore,  occur  in  the  direction  ob- 
served. The  above  series  of  experiments  illustrates  again  what  was 
established  in  the  previous  paper,  that  the  theory  and  formulas  devel- 
oped for  so-called  insoluble  depolarizers  are  but  limiting  cases  of  the 
general  theory  of  electrodes  of  the  second  kind  applicable  to  depolar- 
izers of  any  solubility. 

The  theory  of  the  solubility  method  above  explained  and  illus- 
trated for  binary  salts  may  be  extended  without  difficulty  to  ternary 
salts.  This,  however,  as  well  as  its  further  application  to  binary  salts, 
must  remain  the  subject  for  a  future  paper.  My  purpose  in  the  pres- 
ent paper  has  been  simply  to  explain  and  illustrate  this  new  applica- 
tion of  the  osmotic  theory  of  the  voltaic  cell  —  an  application  which 
in  its  turn  furnishes  additional  evidence  in  support  of  this  latest  tri- 
umph of  the  osmotic  theory  of  solutions  and  the  theory  of  electro- 
lytic dissociation. 

Rogers  Laboratory  of  Physics, 
May,  1895. 
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SYNTHESIS  OF  DIPHENYLBIPHENYL  AND  ITS  IDENTI- 
FICATION AS  BENZERYTHRENE. 

By  ARTHUR  A.  NOYES  and  ROLFE  M.  ELLIS. 

Received  June  4,  1895. 

The  purpose  of  this  investigation  was  to  prepare  synthetically  the 
compound  diphenylbiphenyl,  C6H6-C6H4-C6H4-C6HS,  and  to  determine 
by  a  comparison  of  its  properties  whether,  as  might  be  expected,  it  is 
one  of  the  products  of  the  action  of  heat  on  benzene.  It  seemed 
probable  that  this  substance  might  be  obtained  by  the  Fittig  reaction 
by  the  treatment  of  brombiphenyl  with  sodium,  and  accordingly  an 
attempt  was  made  to  prepare  it  in  this  way. 

Biphenyl  was  made  in  the  usual  manner  by  passing  benzene  through 
a  red-hot  tube.  From  this,  brombiphenyl  was  prepared  as  described  by 
Schultz.1  It  is  to  be  noted  that  the  body  thus  obtained  is  the  para 
compound,  since  it  yields  parabrombenzoic  acid  on  oxidation.2 

Thirty  grams  of  brombiphenyl  were  dissolved  in  three  to  four 
times '  the  quantity  of  absolute  ether,  and  an  excess  (5  grams)  of 
thinly  cut  sodium  added.  The  mixture  soon  heated  to  boiling,  too 
violent  action  being  prevented  by  surrounding  the  vessel  with  cold 
water.  After  two  or  three  days  the  insoluble  residue  was  separated 
from  the  ethereal  solution  by  filtration.  The  solution  was  found  to 
contain  only  unchanged  brombiphenyl,  and  was  used  as  the  solvent  for 
the  brombiphenyl  in  the  next  sodium  treatment.  The  residue  was  re- 
peatedly extracted  with  hot  water  to  remove  the  sodium  bromide  and 
excess  of  sodium.  It  was  then  dried  and  treated  with  successive  quan- 
tities of  cold  benzene  (200  cc.  in  all),  which  dissolved  much  the  larger 
portion.  By  addition  of  alcohol  to  this  benzene  solution  there  was 
precipitated  a  brown  flocculent  substance  insoluble  in  ether,  chloro- 
form, and  petroleum  ether,  but  very  soluble  in  benzene  and  carbon 
bisulphide.     All  attempts  to  purify  it  by  crystallization,  sublimation, 


1  Annalen  der  Chemie,  174,  207. 

2  Ibid.,  174,  209. 
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and  distillation  failed.  The  residue  insoluble  in  benzene  was  of  a 
dirty  white  color.  It  was  found  to  sublime  at  a  high  temperature, 
and  was  purified  between  watch  glasses  in  this  manner. 

The  sublimate  was  pure  white  and  in  the  form  of  large  crystalline 
leaflets.  It  was  proved  to  be  pure  diphenylbiphenyl  by  combustion 
and  by  a  vapor  density  determination  made  by  the  Victor  Meyer 
method  in  the  vapor  of  boiling  phosphorus  pentasulphide  (520°). 

o.  1 364  gram  substance  gave  0.4684  gram  C02  and  0.0735  gram  H20. 

0.1404  gram  substance  gave  11.70CC.  air  measured  over  water  at 
27°  and  759  mm. 

Calculated  for  CMH1S.  Found. 

C 94.12  9365 

H 5.88  5.99 

Vapor  density     .     1064  10.57 

From  the  constitution  of  the  brombiphenyl  used,  it  follows  that 
the  phenyl  groups  must  occupy  the  para  positions  with  respect  to  the 
central  bond.  The  yield  obtained  was  in  all  cases  very  small,  amount- 
ing only  to  5  per  cent,  of  the  theoretical. 

Several  attempts  were  also  made  to  prepare  the  body  by  the  action 
of  sodium  on  brombiphenyl  in  boiling  benzene  solution,  but  entirely 
without  success.  The  product  consisted  wholly  of  the  brown  floccu- 
lent  substance  referred  to  above  as  being  precipitated  from  the  ben- 
zene extract   by  the  addition  of  alcohol. 

The  melting  point  was  accurately  determined  by  heating  portions 
of  the  substance  inclosed  in  sealed  capillary  tubes  in  a  flask  in  the 
vapor  of  boiling  diphenylamine,  the  external  pressure  and  conse- 
quently the  boiling  point  being  gradually  increased  until  the  sub- 
stance liquefied.  The  temperature  was  then  noted  by  means  of  a 
tested  thermometer  wholly  immersed  in  the  vapor.  The  melting  point 
was  found  to  be  31 70. 

The  substance  distilled  without  decomposition  under  a  pressure  of 
18  mm.  at  4280  (roughly  determined  with  a  mercurial  thermometer). 
Its  behavior  in  the  vapor  density  determination  showed  that  its  boil- 
ing point  under  ordinary  pressure  is  below  5200,  and  that  it  is  stable 
at  that  temperature. 

The  substance  is  completely  insoluble  in  boiling  alcohol,  ether, 
chloroform,  and  carbon  bisulphide,  and  in  cold  benzene.  It  was  but 
very  slightly  soluble  in  boiling  benzene,  one  part  requiring  more  than 
two  hundred  parts  of  the  solvent.     It  is  of  interest  to  compare  these 
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properties  with  those  of  the  isomeric  substance,  .r-triphenylbenzene, 
which  has  been  previously  prepared  by  various  investigators.  The 
latter  substance  boils  at  4590  at  717  mm.  (Crafts),  melts  at  1700,  and 
is  soluble  in  benzene. 

It  now  remains  to  determine  whether  diphenylbiphenyl  is  produced 
by  the  action  of  heat  on  benzene.  It  is  evident  that  it  might  result 
from  a  condensation  of  biphenyl  in  a  manner  similar  to  that  by  which 
this  substance  is  formed  from  benzene. 

A  most  thorough  study  of  the  high  boiling  hydrocarbons  thus 
formed  from  benzene  has  been  made  by  Schmidt  and  Schultz.1  Of 
these  the  one  which  they  named  benzerythrene  agrees  closely  in  prop- 
erties with  our  hydrocarbon,  for  the  analysis  of  it  corresponded  to 
C24H18 ;  it  melted  at  308°,  boiled  far  above  360°,  was  insoluble  in 
alcohol,  and  slightly  soluble  in  boiling  benzene,  from  which  it  crystal- 
lized on  cooling.  There  is,  therefore,  no  doubt  that  the  two  sub- 
stances are  identical,  and  consequently  that  paradiphenylbiphenyl  is 
produced  by  the  action  of  heat  on  benzene.  It  seems  probable  that 
this  substance  might  be  obtained  in  considerable  quantity  by  passing 
biphenyl  through  a  red-hot  tube. 


1  Annalen  der  Chemie,  203,  118. 
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Analytical  Chemistry. 

Some  Facts  Observed  in  the  Determination  of  Phosphoric  Acid 
by  the  Molybdic  Acid  Process.  By  Rudolf  de  Roode.  J.  Am.  Client. 
Soc,  17,  43-46.  —  The  author  finds  that  the  precipitation  of  phosphoric  acid 
as  ammonium  phospho-molybdate  is  complete  after  five  minutes,  at  650  C. 
He  concludes,  further,  that  the  results  of  analyses  as  commonly  conducted 
are  too  high,  the  error  decreasing  with  increasing  percentages  of  phosphoric 
acid.  A  re-solution  and  precipitation  of  the  magnesium  precipitate  leads  to 
correct  results.  No  explanation  is  offered  as  to  the  source  of.  this  error,  and 
desirable  details  of  methods  employed  are  lacking. 

H.  P.  Talbot. 

The  Addition  of  Calcium  Chloride  to  the  Solution  of  a  Fertil- 
izer in  the  Determination  of  Potash.  By  Rudolf  de  Roode.  J.  Am. 
C/iem.  Soc.,  17,  46-47.  — The  author  criticises  the  suggestion  of  H.  A.  Huston, 
that  calcium  chloride  should  be  added  to  a  solution  of  a  fertilizer  in  sufficient 
quantity  to  form  tricalcium  phosphate  with  all  the  phosphoric  acid  present,  on 
the  ground  that  the  subsequent  addition  of  ammonium  oxalate,  or  carbonate, 
causes  a  portion  of  the  phosphoric  acid  to  pass  into  the  filtrate  from  the  pre- 
cipitated calcium  salts,  unless  the  tricalcium  phosphate  precipitated  by  am- 
monia is  removed  by  a  separate  and  tedious  filtration. 

H.  P.  Talbot. 

On  the  Preparation  of  Ammonium  Citrate  Solution.  By  Rudolf 
de  Roode.  J.  Am.  Chem.  Soc,  17,  47.  —  A  strictly  neutral  solution  of  ammo- 
nium citrate  can  be  prepared,  according  to  the  author,  by  adding  ammonia  in 
slight  excess  to  the  warm  solution,  and  allowing  it  to  stand  over  night  ex- 
posed to  the  air.  The  addition  of  0.2  gram  of  salicylic  acid  per  liter,  before 
neutralization  with  ammonia,  prevents  the  growth  of  fungus. 

H.  P.  Talbot. 

The  Determination  of  Potash  in  Manures.  By  W.  E.  Garrigues. 
J.  Am.  Chem.  Soc,  17,  51-55.  —  The  process  involves  (t)  the  ignition  of  the 
material  with  sulphuric  acid,  thereby  converting  all  potash  present  to  sul- 
phate, if  not  already  in  that  form,  and  at  the  same  time  expelling  any  ammo- 
nia and  organic  matter.  (2)  Precipitation  of  the  sulphuric  acid  with  barium 
chloride.  (3)  Precipitation  of  the  excess  of  barium,  together  with  the  other 
earthy  bases,  by  sodium  carbonate.  (4)  Evaporation  of  the  filtrate  with  pla- 
tinic  chloride  as  usual.  Ten  grams  of  the  sample  are  cautiously  mixed  in 
a  platinum  dish  with  concentrated  sulphuric  acid  and  the  mixture  ignited, 
finally  at  a  high  heat,  until  the  residue  is  white  or  red.     The  mass  is  trans- 
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ferred  to  a  mortar,  pulverized,  triturated  with  hot  water,  and  transferred  to  a 
500  cc.  graduated  flask.  It  is  boiled  with  250  cc.  of  water  for  half  an  hour, 
and  a  10  per  cent,  solution  of  barium  chloride  is  added  in  portions  of  5  cc, 
until  no  further  precipitation  is  visible.  A  single  drop  of  phenolphthalein 
solution  is  added,  and  sodium  carbonate  to  a  permanent  rose  color.  The  solu- 
tion is  then  boiled  for  a  minute,  cooled,  and  made  up  to  the  mark.  The  pre- 
cipitate is  removed  by  filtration  through  a  dry  filter,  and  to  50  cc.  of  this  fil- 
trate hydrochloric  acid  is  added  to  acid  reaction,  then  platinic  chloride,  and 
the  potassium  is  determined  in  the  usual  way.  For  the  final  weighing  a 
Gooch  crucible  is  employed.  The  results  of  analyses  conducted  by  this 
method  compare  favorably  with  those  obtained  by  the  Lindo-Gladding  and 
Stassfurt  methods.  The  former  of  these  methods  the  author  finds  unsatis- 
factory, the  results  being  variable  without  apparent  cause,  and  claims  for  his 
method  greater  efficiency  and  rapidity. 

H.  P.  Talbot. 

The  Determination  of  Potash  in  Kainite.  By  Rudolf  de  Roode. 
J.  Am.  Client.  Soc,  17,  85. —  According  to  the  author,  the  determination  of 
potash  can  best  be  made  by  evaporation  of  the  aqueous  solution  of  the  kai- 
nite with  platinic  chloride,  with  the  usual  subsequent  treatment  of  the  precipi- 
tated platinum  salt. 

H.  P.  Talbot. 

The  Oxidation  of  Organic  Matter  and  the  Decomposition  of  Am- 
monium Salts  by  Aqua  Regia,  in  lieu  of  Ignition,  in  the  Determina- 
tion of  Potash  in  Fertilizers.  By  Rudolf  de  Roode.  J.  Am.  Chem.  Soc, 
17,  86-87.  —  To  avoid  a  possible  loss  of  potassium  during  the  ignition  with 
sulphuric  acid,  or  during  direct  ignition,  it  is  suggested  that  the  solution  of 
the  fertilizer  be  treated  with  aqua  regia,  which,  it  is  claimed,  destroys  the 
ammonium  salts,  and  either  destroys  the  organic  matter,  or  renders  it  harm- 
less. The  author  is  not  prepared  to  give  details  of  a  complete  method  of 
analysis  involving  the  use  of  aqua  regia,  and  leaves  one  in  doubt  as  to  the 
positive  value  of  his  suggestion. 

H.  P.  Talbot. 

The  Determination  of  Nickel  in  Nickel  Steel.  By  E.  D.  Camp- 
bell and  W.  H.  Andrews.  J.  Am.  Chem.  Soc.,  17,  125-129.  —  The  process 
described  may  be  outlined  as  follows  :  One  gram  of  the  nickel  steel  is  dis- 
solved in  a  half-liter  flask  in  25  cc.  of  nitric  acid  (1.20),  and  the  solution 
boiled  until  the  nitric  oxide  is  expelled.  Thirteen  grams  of  sodium  pyro- 
phosphate are  dissolved  separately  in  75  cc.  of  warm  water,  but  without  boil- 
ing, and  after  filtration  are  added  to  the  cooled  solution  of  the  steel,  causing 
a  heavy  precipitate  of  ferric  pyrophosphate.  A  20  per  cent,  solution  of  sodium 
carbonate  is  then  added  until  the  precipitate  has  redissolved,  an  excess  being 
carefully  avoided.  The  solution  is  filtered  through  asbestos,  and  to  the  filtrate 
are  added  2  grams  of  potassium  xanthate  dissolved  in  25  cc.  of  water.  This 
solution  must  be  freshly  prepared.  The  flask  is  stoppered  and  shaken  at  fre- 
quent intervals  for  ten  minutes,  after  which  the  nickel  will  be  completely  pre- 
cipitated as  xanthate,  together  with  any  copper  that  may  be  in  the  steel,  but 
almost  free  from  iron,  and  wholly  free  from  manganese.  The  precipitate  is 
collected  as  rapidly  as  possible  on  an  asbestos  filter,  and  washed  four  or  five 
times  with  a  1  per  cent,  solution  of  potassium  xanthate,  and  subsequently  dis- 
solved in  20  cc.  of  freshly  diluted  fuming  nitric  acid,  allowing  the  acid  to  drop 
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slowly  on  the  precipitate.  The  filtrate  is  collected  in  a  small  Erlenmeyer 
flask,  and  the  filter  is  washed  first  with  hot  water,  then  with  5  cc.  of  dilute 
sulphuric  acid  (2:3),  and  finally  with  more  hot  water.  The  solution  in  the 
flask  is  boiled  rapidly  until  sulphuric  anhydride  fumes  rise,  cooled,  diluted 
with  25  cc.  of  water,  heated  nearly  to  boiling,  and  the  copper  precipitated  by 
sulphuretted  hydrogen.  The  filtrate  from  the  copper  sulphide,  containing  the 
nickel  and  a  small  amount  of  iron,  is  boiled  to  expel  the  hydrogen  sulphide, 
a  few  drops  of  hydrogen  peroxide,  or  a  few  milligrams  of  sodium  peroxide, 
added  to  oxidize  the  iron,  and  the  latter  precipitated  by  a  slight  excess  of  am- 
monia. This  precipitate  is  redissolved  in  dilute  sulphuric  acid,  and  again 
thrown  down  by  ammonia  to  free  it  from  traces  of  nickel.  The  nickel  in  the 
filtrate  maybe  determined  electrolytically  in  the  presence  of  30  cc.  of  a  10 
per  cent,  solution  of  disodium  hydrogen  phosphate  and  25  cc.  of  strong  am- 
monia, the  nickel  being  precipitated  on  a  platinum  dish  and  washed  with  hot 
water  and  alcohol.  A  volumetric  method  for  the  determination  of  the  nickel 
in  the  ammoniacal  filtrate  is  also  given,  involving  the  use  of  potassium  cya- 
nide, a  slight  precipitate  of  silver  iodide  serving  as  indicator.  The  silver 
iodide  dissolves  as  soon  as  the  cyanide  is  present  in  excess.  Directions  are 
given  for  the  preparation  of  the  standard  solutions.  The  results  of  analy- 
ses by  both  methods,  as  presented,  are  satisfactory. 

H.  P.  Talbot. 

The  Volumetric  Determination  of  Phosphorus  in  Steel  and  ( 
Iron,     Py  \Y.  A.  Noyes  and  J.  S.  Rovse.    J.  Am.  Chem.  Soc.,  ij,  1? 
In  a  previous  paper  by  W.  A.  Noyes  and  E.  D.  Frohman  (_/.  Am.  Chm 
16,  553)  it  was  shown  that  in  the  reduction  of  molybdic   solution 
Jones'  reductor  the  molybdenum  is  reduced  to  Mo208,  and  that  the  reduced 
solution  is  very  easily  oxidized  upon  exposure  to  the  air.     The  authors  were 
led  to  suppose  that  this  would  account  for  the  difference  between  the  theoret- 
ical factor  for  the  calculation  of  the  phosphorus  equivalent  of  a  permanganate 
solution  from  its  iron  equivalent,  and  the  empirical  factor  given  by  Dudley 
and  Pease  (_/.  Am.  Chem.  Soc.  16,  230).     This  statement  was  questioned,  and  a 
repetition  of  the  work  seemed  to  show  that  while  the  factor  named  by  Dudley 
and  Pease  gives  results  nearly  or  quite  correct  for  steels  containing  0.03  to 
0.04  per  cent,  of  phosphorus,  it  fails  if  the  amount  present  falls  either  above 
or  below  these  limits.     This  is  apparently  due  to  the  incomplete  precipitation 
of  the  phosphorus  under  the  prevailing  conditions,  when  the  amount  present 
is  less  than  0.05  per  cent.,  and  to  the  co-precipitation  of  free  molybdic  anhy- 
dride when  the  amount  of  the  phosphorus  is  greater.     These  considerations 
led  to  the  modification  of  the  process  in  order  to  secure  the  complete  precipi- 
tation of  small  amounts  of  phosphorus,  and  also  to  secure  the  precipitation  of 
a  definite  compound  regardless  of  the  amount  present.     The  process  finally 
determined  upon  is  the  following:  Two  grams  of  steel  are  dissolved  in  50  cc. 
of  nitric  acid  (1.18)  with  only  gentle  warming,  until  solution  is  complete,  to 
avoid  a  possible  loss  of  phosphorus  if  the  gases  become  colorless  before  solu- 
tion ensues.     The  solution  is  then  boiled  for  one  minute,  10  cc.  of  a  perman- 
ganate solution  (12.5  grams  per  liter)  are  added,  and  the  boiling  continued 
until  the  pink  disappears,  after  which  ferrous  sulphate  is  cautiously  adder' 
until  the  solution  clears.     The  temperature  is  reduced  to  500,  8  cc.  of 
nia  (0.90)  are    added,  and  the  stoppered  flask  shaken  until  the  pre< 
formed  redissolves.     It  is  then  cooled,  or  heated,  until  the  solution  is  u        iv 
degrees  above  or  below  6o°  as  the  molybdic  solution  is  above  or  bei         7  , 
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60  cc.  of  molybdic  solution  are  added,  and  the  stoppered  flask  is  shaken  for 
five  minutes.  After  settling  for  five  minutes,  the  precipitate  is  filtered  and 
washed  with  acid  ammonium  sulphate  solution,  using  5-10  cc.  at  a  time 
When  5  cc.  of  the  wash  water  fail  to  give  a  brown  with  dilute  sulphuretted 
hydrogen  water,  the  precipitate  is  dissolved  in  dilute  ammonia  (12  cc.  ammo- 
nia (0.96)  diluted  to  25  cc),  the  filter  washed  with  100  cc.  of  water,  the 
filtrate  further  diluted  with  80  cc.  of  water,  and  10  cc.  of  concentrated  sul- 
phuric acid  are  added.  The  solution  is  then  passed  through  a  Jones'  re- 
ductor,  followed  by  200  cc.  of  water,  without  allowing  any  air  to  pass  through 
during  filtration  or  washing.  This  filtrate  is  titrated  immediately  with  potas- 
sium permanganate.  For  steels  high  in  phosphorus  an  aliquot  portion  of  the 
ammoniacal  solution  is  taken.  Cast  irons  may  require  more  ammonia  to  dis- 
solve the  precipitate.  —  The  molybdic  solution  is  made  up  from  100  grams 
of  molybdic  anhydride,  400  cc.  of  ammonia  (0.96),  and  1,000  cc.  nitric  acid 
(1.20).  To  this  1  cc.  of  a  10  per  cent,  solution  of  sodium  phosphate  is  added, 
and  the  resulting  precipitate  removed  by  filtration.  This  solution  is  stable. — 
The  permanganate  solution  for  titration  contains  2  grams  per  liter.  —  The 
results  of  analyses  seem  to  indicate  that  this  procedure  furnishes  the  desired 
conditions  for  a  precipitate  of  constant  composition.  They  agree  with  those 
obtained  by  careful  gravimetric  analysis.  The  presence  of  arsenic  and  silicon 
is  without  influence  upon  this  determination,  if  carried  out  as  described. 

H.  P.  Talbot. 

The  Determination  of  Phosphoric  Acid.  By  H.  Pemberton,  Jr. 
J.  Am.  C/iem.  Soc,  17,  178-181.  —  The  suggestions  offered  in  this  paper  refer 
to  the  procedure  involving  the  alkalimetric  titration  of  the  yellow  precipitate. 
The  author  points  out  that  phenolphthalein  should  be  used  as  indicator  in 
standardization,  as  well  as  in  the  determination,  to  avoid  errors  arising  from 
the  presence  of  aluminates  and  carbonates  in  the  caustic  hydrate.  He  notes 
further  that  under  the  prescribed  conditions  (_/.  Am.  Chem.  Soc,  15,  387)  the 
successive  addition  of  three  portions,  of  5  cc.  each,  of  the  molybdic  solution 
will  just  reduce  the  temperature  to  700,  the  desired  point,  and  suggests  that 
the  washing  of  the  precipitate  is  promoted  if  the  molybdic  solution  be  allowed 
to  run  slowly  into  the  liquid  with  frequent  stirring.  The  filtration  is  best  ac- 
complished on  a  small  Hirsch  porcelain  funnel,  or  a  porcelain  disk  covered 
with  paper.  Certain  other  modifications  are  briefly  mentioned,  the  details  of 
which  may  be  found  in  the  report  of  the  Association  of  Official  Agricultural 

Chemists  for  1894. 

H.  P.  Talbot. 

On  the  Estimation  of  Sulphur  in  Pyrites.  By  G.  Lunge.  J.  Am. 
Chem.  Soc,  17,  181-187.  —  The  author  criticises  a  paper  published  by  T. 
S.  Gladding  (_/  Am.  Chem.  Soc.,  16,  398)  under  the  same  title,  in  which  are 
proposed  certain  modifications  of  Lunge's  method,  as  published  in  his  Alkali- 
mahers'  Handbook.  He  claims  that  the  decomposition  of  the  pyrites  by  nitric 
acid  and  bromine,  as  proposed  by  Gladding,  is  more  tedious  than  by  a  mix- 
ture of  nitric  and  hydrochloric  acids,  though  the  former  is  finally  effective. 
He  also  claims  that  it  is  possible  to  wash  the  precipitated  ferric  hydrate  free 
from  all  traces  of  sulphate  if  his  directions  are  followed,  and  that  Gladding's 
procedure,  which  includes  the  re-solution  of  the  precipitate  and  attempted  pre- 
cipitation of  the  small  amount  of  sulphate  present  by  means  of  barium  in  the 
ferric  chloride  solution,  is  inaccurate,  and  furnishes  certain  data  to  sustain  his 
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statement.  He  finds  that  the  only  satisfactory  procedure  for  the  detection  of 
sulphate  in  the  ferric  hydrate  precipitate  includes  fusion  with  sodium  carbon- 
ate, and  precipitation  with  barium  chloride  from  the  aqueous  extraction  of  the 
fusion  after  proper  acidification.  Professor  Lunge  criticises  Cladding's  pro- 
cedure in  the  precipitation  of  the  barium  sulphate  as  consuming  unnecessary 
lime,  and  claims  that  no  barium  chloride  is  carried  down  with  the  sulphate  if 
his  own  directions  are  followed.  —  The  method  of  F.  Johnson  (Chem.  News, 
70,  212),  involving  the  reduction  of  the  iron  by  sodium  hypophosphatemias 
shown  itself  to  be  unreliable  in  Professor  Lunge's  hands. 

H.  P.  Talbot. 

The  Superiority  of  Barium  Hydroxide  Solution  as  an  Absorbent 
in  Carbon  Determinations  in  Steel.  By  James  O.  Handy.  J.  Am.  Chem. 
Soe.,  17,  247-251.  —  It  is  claimed  for  the  use  of  barium  hydroxide  solution  as 
an  absorbent  in  carbon  determinations  (with  subsequent  titration  for  the  tin- 
precipitated  barium),  that  the  errors  arising  from  changes  of  temperature  and 
humidity,  which  so  easily  affect  the  determination  when  the  Geissler  potash 
bulb  is  used,  are  excluded  by  this  method.  The  carbonic  acid  from  the  com- 
bustion tube  is  passed  over  calcium  chloride  and  anhydrous  copper  sulphate, 
and  is  then  allowed  to  bubble  through  a  measured  quantity  of  barium  hydrate 
solution  in  long  tubes,  a  sketch  of  which  is  given  in  the  original  article.  The 
precipitated  carbonate  is  filtered  off,  with  precaution  to  prevent  precipitation 
by  the  carbonic  acid  of  the  atmosphere,  and  the  unused  barium  hydroxide  is 
determined  by  titration  of  the  filtrate  with  decinormal  sulphuric  acid,  the  indi- 
cator being  phenolphthalein.  For  details  concerning  necessary  precautions 
and  the  preparation  of  solutions,  reference  is  made  to  the  original  paper. 

H.  P.  Talbot. 

Note  on  the  Estimation  of  Iron  and  Alumina  in  Phosphates.  By 
K.  P.  McElroy.  J.  Am.  Chem.  Soe.,  17,  260-263.  —  The  author  calls  atten- 
tion to  the  fact  that  the  method  for  the  estimation  of  iron  and  alumina,  which 
is  sometimes  called  by  his  name,  though  really  an  adaptation  of  a  process 
given  in  Crookes'  Select  Methods,  page  538,  may  sometimes  yield  erroneous  re- 
sults. The  procedure  involves  the  precipitation  of  the  hydroxides  in  the  pres- 
ence of  an  excess  of  ammonium  molybdate,  and  it  has  been  found  that  molyb- 
dic  acid  and  calcium,  if  present,  are  easily  carried  down  with  the  hydrates  of 
iron  and  alumina,  while,  on  the  other  hand,  the  precipitation  of  the  alumina  is 
incomplete. 

II.  I'.  Talbot. 

Estimation  of  Tellurium  in  Copper  Bullion.  By  Cabell  White- 
head. J.  Am.  Chem.  Soe.,  17,  280-281.  —  To  a  solution  of  25-50  grams  of 
the  bullion  in  nitric  acid,  320  B.,  from  which  the  excess  of  acid  has  been  re- 
moved by  boiling,  an  amount  of  ferric  nitrate  solution  containing  0.25  gram  of 
iron  is  added.  Ammonia  is  added  in  excess  to  the  hot  solution,  and  the  cop- 
per is  removed  from  the  precipitate  by  washing  with  dilute  ammonia  water 
and  by  reprecipitation,  if  necessary.  The  precipitated  ferric  tellurite  and 
selenite  is  dissolved  in  hydrochloric  acid,  tartaric  acid  is  added  in  excess,  and, 
after  making  alkaline  with  caustic  potash,  hydrogen  sulphide  is  passed  into 
the  solution,  converting  the  selenium  and  tellurium  to  soluble  sulphides. 
After  filtration  the  alkaline  sulphide  is  destroyed  with  dilute  hydrochloric 
acid,  the  sulphuretted  hydrogen  removed  by  allowing  the  solution  to  stand  in 
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a  warm  place,  and  the  solution  again  filtered.  The  sulphides  of  selenium  and 
tellurium  are  dissolved  in  aqua  regia,  the  solution  taken  to  dryness,  the  res- 
idue dissolved  in  hydrochloric  acid,  and  the  two  metals  precipitated  by  sul- 
phurous acid  added  to  saturation.  After  standing  twelve  hours  in  a  warm 
place  the  precipitate  is  filtered  on  a  tared  filter,  and  weighed  at  ioo°.  The 
selenium  is  separated  from  the  tellurium  by  boiling  the  precipitate  with  con- 
centrated potassium  cyanide  solution,  filtration,  and  precipitation  of  the  sele- 
nium from  the  filtrate  by  hydrochloric  acid,  as  a  brick-red  precipitate,  which 
is  dried  at  ioo°  and  weighed.  The  tellurium  is  determined  either  by  differ- 
ence, or  the  small  quantity  dissolved  may  be  precipitated  from  the  cyanide 
solution  by  sulphurous  acid  and  collected  with  the  portion  insoluble  in  the 
cyanide,  and  weighed. 

H.  P.  Talbot. 

Note  on  the  Determination  of  Zinc.  By  P.  W.  Shimer.  J.  Am. 
Client.  Soc,  17,  310-312:  —  To  avoid  the  double  precipitation  of  zinc  sulphide, 
which  is  necessary  when  the  zinc  is  precipitated  in  that  form  in  the  presence 
of  manganese,  the  author  throws  down  the  manganese  from  a  nitric  acid  solu- 
tion by  means  of  potassium  chlorate  (Ford's  method),  and  removes  the  oxide 
by  filtration  through  purified  asbestos.  A  double  basic  acetate  separation  of 
zinc  from  iron  and  aluminum  is  made  in  the  filtrate  and  the  zinc  precipitated 
as  sulphide  from  a  boiling  solution.  This  zinc  sulphide  is  redissolved  in 
hydrochloric  acid  and  the  zinc  precipitated  as  zinc  ammonium  phosphate. 
The  latter  should  be  ignited  at  a  low,  red  heat  to  avoid  fusion  of  the 
precipitate.  The  manganese  precipitate  contains  some  iron,  but  no  appre- 
ciable quantity  of  zinc. 

H.  P.  Talbot. 

Method  of  Determining  Chromium  in  Chrome  Ore.  By  Edmund 
Clark.  J.  Am.  Client.  Soc,  17,  327-330. — The  chrome  ore  is  first  fused  in 
a  large  platinum  crucible,  with  potassium  bisulphate,  and  the  fused  mass  is 
boiled  with  water  and  hydrochloric  acid  until  only  silica  remains  undissolved, 
which  is  separated  and  weighed.  The  iron,  alumina,  and  chromium  are  twice 
thrown  down  as  hydrates  with  ammonia,  and  the  lime  and  magnesia  deter- 
mined in  the  filtrate.  The  hydrates  are  dissolved  in  nitric  acid  (sp.  gr.  1.42), 
and  potassium  chlorate  is  added  until  the  chromium  is  wholly  oxidized  to 
chromic  acid,  as  indicated  by  the  color,  after  which  the  iron  and  alumina  are 
again  precipitated  as  hydrates  and  determined.  The  chromium  is  once  more 
reduced  by  sulphurous  acid  and  precipitated  by  ammonia  in  the  form  of 
hydrate,  and  ultimately  weighed  as  oxide.  Detailed  directions  and  precau- 
tions are  given  in  the  original  article.  As  an  alternative  method  for  the 
determination  of  the  chromium  is  proposed  the  precipitation  of  the  chromic 
acid,  in  the  form  of  lead  chromate,  from  the  filtrate  containing  the  ammonium 
chromate,  after  acidulating  with  acetic  acid,  the  lead  chromate  to  be  weighed 
on  a  tared  filter  at  ioo°  C.  It  is  proposed  in  a  later  article  to  deal  with 
the  method  as  applied  to  chrome  steel  and  ferro-chrome. 

H.  V.  Talbot. 

Methods  for  the  Determination  of  Manganese.  By  YV.  S.  Thomas. 
J.  Am.  Chem.  Soc,  17,  341-346.  —  The  author  has  attempted  a  critical  study 
of  Low's  and  Volhard's  methods  for  rapid  manganese  determinations,  from 
which  it  would  appear  that  the  former  method  was  not  reliable,  while  the  lat- 
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ter  (as  has  long  been  known)  yields  technically  satisfactory  results.  Many  of 
the  statements  in  the  paper  are  confused  and  obscure,  and  others  are  based 
upon  an  entire  misconception  of  the  principles  of  stochiometry. 

H.  P.  Talbot. 

The  Wet  Assay  for  Copper.  By  R.  S.  Dulin.  J.  Am.  Chem.  Soc, 
17,  346-351.  —  The  author  has  made  a  critical  study  of  the  cyanide,  iodide, 
and  electrolytic  methods  for  the  determination  of  copper.  He  notes  that  in 
the  cyanide  method  care  must  be  taken  that  the  volume  of  the  solution  shall 
be  uniform,  that  the  solution  shall  be  at  laboratory  temperature,  and  that  a 
definite  quantity  of  ammonia  shall  be  added.  Manganese,  calcium,  zinc,  and 
cadmium  interfere  with  the  determination  as  usually  conducted.  The  author 
recommends  the  previous  precipitation  of  the  copper  by  means  of  aluminum 
foil,  separation  from  the  solution,  and  re-solution  in  nitric  acid.  It  is  claimed 
that  by  this  procedure  the  process  gains  accuracy  and  the  copper  is  separated 
from  other  metals  likely  to  interfere.  The  same  modification  is  recommended 
in  the  iodide  and  electrolytic  methods.  Both  the  latter  methods  require  a 
longer  time  for  completion  than  the  cyanide  method,  and  the  iodide  method 
generally  yields  results  from  0.1-0.3  Per  cent,  too  high. 

H.  P.  Talbot. 

On  the  Standardization  of  Sulphuric  Acid.  By  F.  S.  Shiver. 
J.  Am.  Chem.  Soc,  17,  351-354-  —  Weinig  has  recommended  as  a  desirable 
method  for  the  standardization  of  sulphuric  acid  solutions  (J.  Chem.  Soc.,  64, 
145)  the  conversion  of  the  acid  into  ammonium  sulphate  and  the  weighing 
of  the  latter  after  drying  at  no°-i20°.  The  author  finds  that  it  is  necessary 
to  moisten  the  ammonium  sulphate  with  ammonia,  and  to  evaporate  a  second 
time  to  compensate  for  a  slight  loss  of  ammonia  occurring  during  evaporation. 
The  results  of  this  method  agree  with  the  barium  sulphate  method. 

H.  P.  Talbot. 

The  Determination  of  Sulphur  in  Pyrites.  By  T.  S.  Gladding. 
J.  Am.  Chem.  Soc,  17,  397-402.  —  In  this  paper  Mr.  Gladding  replies  to 
Lunge's  criticisms  (this  Quart.,  8,  184)  of  his  modification  of  the  latter's 
process,  reaffirming  his  previous  statements.  He  furnishes  data  to  show 
that  unless  the  barium  chloride  be  added  drop  by  drop  the  barium  sul- 
phate occludes  some  chloride,  and  also  to  show  that  in  the  presence  of 
an  excess  of  barium  chloride  the  barium  sulphate  is  not  "very  seriously" 
soluble  in  hot  acid  solutions  of  ferric  chloride.  For  the  details  of  the 
discussion  reference  must  be  made  to  the  original  paper. 

H.  P.  Talbot. 

The  Zimmermann-Reinhardt  Method  for  the  Determination  of 
Iron  in  Iron  Ores.  By  C.  T.  Mixkr  and  H.  W.  DuBois.  J.  Am.  Chem. 
Soc,  17,  405-411.  —  The  procedure  described  is  that  in  use  in  the  Lake 
Superior  iron  region.  About  0.5  gram  of  the  ore  is  treated  with  2.5  cc.  of 
a  solution  of  stannous  chloride  (made  by  dissolving  500  grams  of  the  chlo- 
ride in  500  grams  of  hydrochloric  acid  (1.2)  and  diluting  to  two  liters)  and  10- 
15  cc.  hydrochloric  acid  (1.1).  Solution  ensues  very  promptly.  To  the  hot 
solution  additional  stannous  chloride  is  added  from  a  burette  until  the  iron  is 
just  reduced.     If  an  excess  be  already  present  it  is  oxidized  with  a  few  drops 
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of  permanganate  and  then  brought  to  the  desired  point.  To  this  solution 
5  cc.  of  a  saturated  mercuric  chloride  solution  are  added,  and  the  whole 
is  washed  into  a  large  beaker  containing  400  cc.  of  water  and  6-8  cc.  of  a 
solution  made  by  dissolving  160  grams  of  manganous  sulphate  in  1750  cc. 
of  water,  to  which  330  cc.  of  phosphoric  acid  (1.7  sp.  gr.)  and  320  cc.  of 
sulphuric  acid  (1.84)  have  been  added.  The  iron  is  then  titrated  with  a 
potassium  permanganate  solution  which  has  been  standardized  under  the 
same  conditions.  It  is  claimed  for  this  procedure  that  it  is  simple,  rapid, 
and  accurate. 

H.  P.  Talbot. 

On  Some  Conditions  Affecting  the  Accuracy  of  the  Determi- 
nation of  Potash  as  Potassium  Platinichloride.  Bv  A.  L.  Winton. 
J.Am.  Chetn.  Soc,  17,  453-466.  —  The  author  finds  that  potassium  platini- 
chloride is  precipitated  in  the  form  of  larger  crystals  when  the  platinum  salt 
is  added  to  a  solution  of  potassium  chloride  containing  not  over  1  gram  to 
100  cc,  with  subsequent  evaporation,  than  when  it  is  added  to  a  more  con- 
centrated solution.  The  larger  crystals  are  seen  under  the  microscope  to 
contain  but  few  cavities  inclosing  mother  liquor,  while  in  the  finer  crystals 
such  cavities  are  numerous.  The  results  are  always  slightly  too  high  when 
the  potassium  chloride  solution  is  concentrated  before  the  addition  of  the 
platinum  solution.  The  presence  of  sodium  and  magnesium  salts  leads  to  low 
results  whatever  the  dilution.  A  method  based  upon  precipitation  in  dilute 
solution,  with  subsequent  evaporation,  drying  the  precipitate  at  ioo°  and  the 
use  of  the  factors  0.30688  for  potassium  chloride  and  0.1939  f°r  potassium 
oxide  (based  upon  the  latest  atomic  weight  determinations),  gave  satisfactory 
results. 

H.  P.  Talbot. 

The  Indirect  Analysis  of  Mixtures  Containing  a  Common  Con- 
stituent. By  Edward  K.  Landis.  J.Am.  Chem.  Soc.,  17,  466-468.  —  The 
paper  relates  only  to  methods  commonly  in  use  for  the  calculation  of  indirect 
analyses,  and  offers  nothing  new. 

H.  P.  Talbot. 

The  Volumetric  Determination  of  Zinc  and  a  New  Indicator  for 
Ferrocyanide.  By  George  C.  Stone.  J.  Am.  Chem.  Soc,  17,  473-477. — 
The  author  describes  a  method  in  use  in  the  New  Jersey  Zinc  and  Iron 
Company's  laboratory  for  the  determination  of  zinc.  The  ore  is  brought 
into  solution  by  means  of  hydrochloric  acid  and  potassium  chlorate,  or  by 
fusion  if  required,  copper  and  lead  are  thrown  down  by  aluminum  (lead 
alone  need  not  be  removed),  cadmium  by  sulphuretted  hydrogen,  and  iron 
and  alumina  by  barium  carbonate  free  from  all  impurities.  In  a  portion  of 
the  filtrate  from  the  barium  carbonate  precipitate  the  manganese  is  deter- 
mined by  titration  with  potassium  permanganate.  In  another  portion  the 
manganese  and  zinc  are  determined  together  by  means  of  potassium  ferro- 
cyanide, using  cobalt  nitrate  as  an  indicator.  Before  titration  hydrochloric 
acid  (5  cc.  concentrated  acid  to  100  cc.  of  solution)  is  added.  The  end-point 
is  reached  when  a  drop  of  the  liquid  brought  into  contact  (not  mixed)  with 
a  drop  of  a  dilute  solution  of  cobalt  nitrate  on  a  porcelain  plate  causes  an 
immediate,  faint  greenish  line  at  the  point  of  contact.  A  blank  analysis  must 
ba  made  to  determine  the  amount  of  the  ferrocyanide  solution  required  to 
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above.  The  acid  prepared  by  this  method  was  found  to  contain  0.9831 
grams  per  cubic  centimeter,  and  the  procedure  need  not  occupy  more  than 
two  days. —  The  determination  of  potassium  was  carried  out  as  follows:  The 
solution,  free  from  sulphuric  acid,  was  freed  from  hydrochloric  acid  by  evapo- 
ration, the  residue  stirred  with  20  cc.  of  hot  water,  and  one  and  one  half  times 
the  amount  of  perchloric  acid  required  by  the  bases  added.  It  is  repeatedly 
evaporated  until  fumes  of  the  perchloric  acid  appear,  to  remove  traces  of 
hydrochloric  acid.  The  residue  is  treated  repeatedly  with  97  per  cent, 
alcohol,  containing  0.2  per  cent,  of  pure  perchloric  acid,  and  finally  weighed 
on  a  Gooch  crucible  at  1300.  If  phosphoric  acid  be  present,  a  considerable 
excess  of  perchloric  acid  must  be  used  before  the  alcohol  treatment. 

H.  P.  Talbot. 

Barium  Hydrate  as  an  Absorbent  in  Carbon  Determinations.     By 

A.  G.  Mi  Kknna.  Froc.  Engineers'  Soc,  Western  Pa.,  IX,  105-109.  —  This 
paper  does  not  differ  essentially  from  that  by  G.  O.  Handy  (this  Quart., 
8,  185). 

n.  ]'.  Talbot. 

Method  of  Determining  Chloride  in  Ammonium  Chloride.     Bv  C. 

B.  Dudley  and  F.  N.  Pease.  Am.  Eng.  R.  R.J..  49,  33.  —  The  conditions 
essential  for  the  titration  of  the  chlorine  by  silver  nitrate,  with  potassium 
chromate  as  indicator,  are  carefully  described  in  this  paper. 

II.  P.  Talbot. 

Method  of  Determining  Ammonia  in  Ammonium  Chloride.     By 

C.  B.  Dudley  and  F.  N.  Phase.  Am.  Eng.  R.  R.  J.,  49,  72-75.  —  This 
paper  presents  a  detailed  description  of  the  determination  of  ammonia  by 
distillation,  absorption  of  the  ammonia  in  acid,  and  titration  of  the  excess  of 
acid,  with  all  the  necessary  precautions. 

H.  P.  Talbot. 

Sugar-Ash  Analysis.  By  F.  G.  Wiechmann.  School  Mines  Quart., 
16,  128-134. — The  author  gives  in  detail  a  method  for  the  determination  of 
the  carbonate  ash,  embodying  some  alterations  in  the  scheme  previously  pro- 
posed by  him  {School  Mines  Quart.,  11,  15).  He  proposes  that  all  constitu- 
ents determined  be  recorded  as  elements  and  that  the  report  state  the  method 
of  determination. 

C.  \V.  Andrkws. 

Inorganic  Chemistry. 

Some  of  the  Properties  of  Calcium  Carbide.  By  F.  P.  Venable 
and  Thomas  Clarke.  J.  Am.  Chem.  Soc,  17,  306-310.  —  The  calcium  car- 
bide is  made  by  heating  together  lime  and  some  form  of  carbon — generally 
coal  tar  —  until  a  uniform  mixture  results,  which  is  in  turn  subjected  to  the 
heat  of  an  electric  furnace.  The  fused  mass  comprises  unchanged  carbon 
(graphitic)  and  the  calcium  carbide.  They  are  easily  distinguished  in  appear- 
ance, but  no  satisfactory  method  for  their  mechanical  separation  could  be 
found.  The  masses  of  calcium  carbide  are  dark  brown,  lustrous  and  hard, 
and  break  with  crystalline  fracture.  They  lose  their  luster  on  exposure  to 
air,  more  rapidly  if  the  air  be  moist,  and  disintegrate  to  a  gray  powder,  with 


19°  Review  of  American   Chemical  Research. 

show  an  end-point  with  the  volume  of  liquid  used.  The  composition  of  the 
manganese  precipitate  is  not  normal,  but  is  Mn3[Fe(CN)6]2.  It  is  well  to 
make  a  preliminary  titration  unless  the  quantities  of  zinc  and  manganese  are 
approximately  known.  The  zinc  is  determined  by  difference,  and  the  results 
are  technically  satisfactory.  For  details  regarding  solutions  the  original  paper 
must  be  consulted. 

H.  P.  Talbot. 

Separation  of  Nickel  and  Iron.  By  E.  D.  Campbell  and  W.  H. 
Andrews.  Am.  Chem.J.,  17,  164-167.  —  This  paper  is  essentially  the  same 
as  that  by  the  same  authors  published  under  the  title  "  The  Determination 
of  Nickel  in  Nickel  Steel"  (this  Quart.,  8,  182). 

II.  P.  Talbot. 

On  a  New  Method  for  the  Separation  of  Copper  and  Cadmium 
in  Qualitative  Analysis.  By  Allerton  S.  Cushman.  Am.  Chem.J.,  17, 
379-383.  —  Cadmium  sulphide  is  found  to  be  readily  soluble  in  saturated 
solutions  of  the  alkali  chlorides  containing  small  amounts  of  hydrochloric 
acid,  probably  with  the  formation  of  double  salts.  The  alkali  chlorides  alone 
fail  to  exert  this  solvent  action.  The  separation  of  copper  and  cadmium  can 
be  effected  as  follows :  About  2  cc.  of  the  solution  of  the  two  metals  is  made 
slightly  acid  with  hydrochloric  acid,  and  about  20  cc.  of  a  saturated  solution 
of  sodium  chloride  is  added,  the  solution  warmed  and  hydrogen  sulphide  passed 
through  until  the  copper  is  precipitated.  The  copper  sulphide  is  quickly  fil- 
tered on  a  dry  filter  and  into  a  dry  test  tube.  If  a  few  drops  of  water  are 
allowed  to  run  down  the  sides  of  the  tube  a  yellow  ring  is  formed  at  the 
junction  of  the  water  and  solution  if  cadmium  be  present,  or  dilute  ammonia 
may  be  used,  which  develops  the  ring  more  quickly,  but  may  throw  down 
other  metals  not  completely  removed.  Lead  and  bismuth  must  be  carefully 
excluded,  as  their  sulphides  are  soluble  with  the  cadmium  sulphide.  This 
procedure  has  been  found  to  be  very  satisfactory. 

IT.  P.  Talbot. 

The  Preparation  of  Perchloric  Acid  and  its  Application  to  the 
Determination  of  Potassium.  By  D.  Albert  Kreider.  Am.  J.  Sri.,  49, 
443-448.  —  The  preparation  of  perchloric  acid  from  sodium  chlorate  is  de- 
scribed as  follows  :  From  100-300  grams  of  the  chlorate  are  melted  in  a  glass 
retort  or  round-bottomed  flask  and  the  temperature  gradually  raised  until  the 
fused  mass  thickens  throughout.  The  product  is  washed  from  the  retort  and 
treated  with  hydrochloric  acid  until  the  residue  of  the  chlorate  is  destroyed, 
and  the  solution  evaporated  to  dryness.  The  residue,  consisting  of  sodium 
chloride  and  perchlorate,  is  triturated  with  an  excess  of  concentrated  hydro- 
chloric acid,  the  acid  decanted,  and  the  operation  repeated.  The  supernatant 
liquid  is  filtered  through  a  Gooch  filter;  the  sodium  chloride,  which  remains 
insoluble,  is  finally  thrown  on  the  filter  and  washed  with  strong  acid.  The 
filtrate  is  evaporated  to  expel  the  hydrochloric  acid  and  until  the  fumes  of 
perchloric  acid  appear,  when  it  is  ready  for  use  in  potassium  determinations. 
A  small  quantity  of  sodium  is  present,  but  in  the  form  of  perchlorate,  which 
is  soluble  in  97  per  cent,  alcohol,  and  therefore  harmless.  If  potassium  be 
present  in  the  sodium  perchlorate,  or  introduced  from  vessels,  the  mixture  of 
sodium  perchlorate  and  chloride,  after  treatment  with  hydrochloric  acid,  must 
be  extracted  with  97  per  cent,  alcohol,  which  dissolves  only  the  sodium  per- 
chlorate.    The  alcohol  is  removed  by  distillation  and  the  residue  treated  as 
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particles  of  graphite  through  it.  It  may  be  kept  for  some  time  out  of  contact 
with  the  air,  best  under  petroleum.  The  carbide  is  easily  decomposed  by 
water  with  the  evolution  of  acetylene.  The  gas  is  entirely  absorbed  by  an 
ammoniacal  copper  solution.  The  average  quantity  of  gas  is  200  cc.  per 
gram  of  the  carbide,  the  amount  varying  with  the  amount  of  graphite  present. 
No  satisfactory  analyses  were  obtainable,  owing  to  the  presence  of  impurities. 
Moissan  gives  CaC2  as  the  symbol.  The  behavior  of  the  carbide  toward  vari- 
ous reagents  has  been  studied,  with  the  following  results  :  Dry  hydrogen  has 
no  action  in  the  cold,  and  after  heating  for  five  hours  in  an  atmosphere  of 
hydrogen  no  change  other  than  the  expulsion  of  the  tarry  matter  was  notice- 
able. Dry  air  is  without  effect  upon  the  carbide  even  when  heated,  and  oxy- 
gen only  attacks  it  slowly  at  very  high  temperatures.  When  heated  in  an 
atmosphere  of  hydrochloric  acid  the  substance  swells  up  to  a  gray  mass  and 
calcium  chloride  is  formed,  while  in  an  atmosphere  of  chlorine  the  carbide 
glows  brightly  and  fuses.  Much  of  the  carbide  is  undecomposed.  In  an 
atmosphere  of  bromine  and  air  calcium  bromide  is  formed  and  some  gas 
seems  to  be  evolved.  When  thrown  upon  chlorine  water  the  carbide  is 
rapidly  decomposed,  but  without  ignition  of  the  gas ;  the  same  is  found  to 
be  true  of  bromine  water.  Sulphuric,  nitric,  and  acetic  acids  decompose  the 
carbide  with  the  evolution  of  an  inflammable  gas,  while  sulphuric  acid  and 
potassium  bichromate  oxidize  the  compound.  Alkalies  also  cause  decompo- 
sition, probably  with  the  evolution  of  acetylene. 

H.  P.  Talbot. 

On  the  Reaction  between  Zinc  Sulphate  and  Potassium  Hydrox- 
ide. By  C.  E.  Linebarger.  J.  Am.  Client.  Soc.,  17,  358-^60.  —  The  author 
finds  that  the  usual  equations  employed  to  represent  the  precipitation  and 
re-solution  of  the  zinc  hydrate  by  potassium  hydrate  fail  to  express  the  true 
conditions.  By  employing  a  constant  quantity  of  zinc  sulphate  at  constant 
volume  and  temperature,  but  varying  quantities  of  potassium  hydroxide,  he 
finds  that  for  each  molecule  of  zinc  sulphate  1.62  molecules  of  potassium 
hydrate  are  required  for  the  complete  precipitation  of  the  zinc,  and  13.2 
molecules  to  cause  precipitation  and  re-solution. 

H.  P.  Talbot. 

A  Study  of  the  Chemical  Behavior  of  Tungsten  and  Molybde- 
num and  Their  Trioxides.  By  Charles  H.  Ehrenfeld.  J.  Am.  Chem. 
Soc,  17,  381-397.  —  The  action  of  phosphorus  pentachloride  upon  tungsten 
trioxide  when  heated  out  of  contact  with  the  air  results  in  the  formation 
of  tungsten  hexachloride  and  phosphorus  oxychloride,  while  some  tungsten 
pentachloride  results  from  the  decomposition  of  the  higher  compound.  .Molyb- 
denum yields  pentachloride  mixed  with  some  lower  chlorides.  Silicon  tetra- 
chloride and  nitric  oxide  fail  to  attack  either  of  the  trioxides.  Tungsten  is 
converted  into  trioxide  upon  ignition  in  an  atmosphere  of  nitric  or  nitrous 
oxide  or  sulphur  diotfide,  molybdenum  changing  to  dioxide.  Nitrogen  peroxide 
converts  both  the  metals  into  trioxides,  while  the  metals  remain  unchanged  in 
an  atmosphere  of  methylamine.  Tungsten  trioxide  when  heated  in  a  current 
of  ethylene  is  reduced  to  a  deep  blue  oxide,  and  into  a  blue  and  a  brown 
oxide  by  acetylene.  Molybdenum  trioxide  is  reduced  to  Mo.,05  by  ethylene, 
and  also  by  acetylene,  with  the  simultaneous  formation  of  a  molybdenum  car- 
bide, the  exact  composition  of  which  was  not  definitely  determined.  Methane 
reduces  the  tungsten  trioxide  to  W205,  and  the  molybdenum  trioxide  to  the 
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dioxide  and  to  the  metal.  Ethane  failed  to  attack  either  oxide ;  phosphine 
and  arsine  reduce  the  tungsten  to  the  oxide  \V808  and  the  molybdenum  to 
Mo205,  while  ammonia  forms  complicated  compounds.  When  heated  together 
with  magnesium  in  air  the  tungsten  trioxide  is  reduced  to  W02,  molybdenum 
to  M00O3 ;  and  in  hydrogen  the  oxide  of  tungsten  formed  is  W203,  while  the 
results  were  not  definite  in  the  case  of  the  molybdenum.  Zinc  in  air  re- 
duces the  oxides  to  W206  and  Mo205,  and  in  hydrogen  W02  and  a  mixture 
of  Mo02  and  Mo205.  The  composition  of  the  oxides  resulting  from  the  ac- 
tion of  aluminum  is  doubtful.  Very  small  quantities  (0.004  gram)  °f  molyb- 
denum are  dissolved  by  ferric  chloride,  with  the  formation  of  the  hexachlo- 
rides  of  this  metal ;  larger  quantities  dissolve  very  slowly,  and  even  very 
small  quantities  of  tungsten  require  long  periods  for  solution,  if  complete 
solution  is  ever  attained. 

H.  P.  Talbot. 

Zirconium  Sulphite.  By  F.  P.  Venable  and  Charles  Baskerville. 
J.  Am.  Chem.  Soc,  17,  448-453.  —  It  is  found  that  when  a  nearly  neutral 
solution  of  zirconium  chloride  is  mixed  with  an  excess  of  sulphurous  acid, 
diluted,  and  boiled  for  some  time,  a  heavy  white  precipitate  is  produced. 
When  dried  it  is  white  and  hard  and  shows  a  ratio  of  zirconium  to  sulphur 
dioxide  of  2:1,  approximately.  If  zirconium  hydroxide  be  allowed  to  stand 
for  two  months  or  more  covered  by  a  solution  of  sulphurous  acid,  with  fre- 
quent agitation,  the  solid  separates  into  the  gelatinous  hydroxide  and  a  white, 
finely  divided  substance.  The  latter,  after  drying  at  95°,  shows  a  ratio  of 
zirconium  to  sulphur  dioxide  of  2.2:1.  In  attempting  to  filter  the  sulphite 
a  watery  layer  is  found  to  form,  which  on  standing  solidifies  to  a  jelly.  After 
drying  between  filter  paper  the  ratio  for  this  substance  was  found  to  be  3:1, 
and  after  bringing  to  a  constant  weight  on  a  water  bath  it  was  4 :  1.  None  of 
these  correspond  to  the  ratio  for  the  neutral  sulphite,  which  is  1  :  1.4,  and 
none  of  the  compounds  appear  to  be  of  definite  character.  The  supernatant 
sulphurous  acid,  if  allowed  to  evaporate  over  sulphuric  acid,  yields  hard  crys- 
tals, the  analysis  of  which  agrees  with  that  of  hydrated  zirconium  sulphite, 
Zr(S03)»7H20.  With  neutral  sodium  sulphite  the  precipitate  is  mainly  hydrox- 
ide, and  with  sodium  thiosulphate,  basic  salts. 

H.  P.  Talbot. 

Argon :  a  New  Constituent  of  the  Atmosphere.  Bv  Lord  Rav- 
leigh  and  William  Ramsay.  Am.  Chem.  J.,  17,  225-251  ;  Am.  J.  Set'.,  49, 
275-297.  On  the  Spectra  of  Argon.  By  William  Crookes.  Am.  Chem. 
J.,  17,  251-262.  The  Liquefaction  and  Solidification  of  Argon.  By 
K.  Olszewski.  Am.  Chem.  J.,  17,  262-267. — These  foreign  papers  have 
been  so  extensively  published  that  it  is  not  regarded  as  necessary  that 
abstracts  should  be  made  of  them. 

H.  P.  Talbot. 

On  the  Chloronitrides  of  Phosphorus.  By  H.  N.  Stokes.  Am. 
Chem.  J.,  17,  275-290.  —  A  satisfactory  abstract  of  this  extended  paper  can 
hardly  be  made  in  the  space  at  command,  and  reference  must  be  made  to  the 
original  for  the  outline  of  previous  investigations  along  the  same  line,  and  the 
details  of  experimental  work.  The  author  has  stated  the  results  of  his  study 
of  the  properties  of  triphosphonitrilic  chloride  and  of  its  behavior  toward  zinc 
ethyl,  water,  ether,  and  a  mixture  of  the  two  latter.     He  has  also  isolated 
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triphosphonitrilic-tetrachlorhydrine,  P3N3C1402H2,  triphosphonitrilic  chloram- 
ide,  P3N8C14(NH2)2,  tetraphosphonitrilic  chloride,  P4N4C18,  and  makes  inter- 
esting statements  regarding  the  behavior  of  these  bodies.  Tetrametaphos- 
phimic  acid  and  an  oily  phosphonitrilic  acid  will  be  treated  of  in  a  later  paper, 

H.  P.  Talbot. 

On  the  Cupriammonium  Double  Salts.  By  T.  W.  Richards  and 
George  Oenslager.  Am.  Chem.J.,  17,  297-305.  —  This  paper  is  the  third  of 
the  series  (see  this  Quart.,  8,  96).  In  this  article  four  new  compounds  are  de- 
scribed, with  the  methods  of  preparation.  They  are  the  following:  Ammon- 
cupriammonium  acetoiodide,  Cu(NH8)8IC2H302,  made  from  cupric  acetate, 
acetic  acid,  and  ammonium  iodide;  deep  blue  crystalline,  monoclinic  plates, 
unstable  in  air,  decomposed  by  water  and  acids.  Octo-cupriammonium  mono- 
iodide  acetate,  7Cu(NH3)2(C2H302)2  +  Cu(NH3)2IC2H30, ;  large  blue  crys- 
tals, which  separated  on  concentrating  the  mother  liquor  from  the  former 
crystals.  Tetra-amnion-tricupriammonium  iodide,  CuaIu(NH8)j„,  made  from 
cupric  acetate,  acetic  acid,  ammonium  iodide,  and  alcohol ;  crystals  with  a 
bronze  lustre,  unstable  in  the  air,  and  decomposed  by  water,  similar  to  cor- 
responding bromine  compound  described  in  the  first  paper  of  the  series.  Am- 
nionic dicupric  acetate,  NH4Cu2(C2H30j)jH20,  from  cupric  acetate,  acetic 
acid,  and  ammonia,  in  the  presence  of  alcohol ;  bluish  green  crystals,  permanent 
in  the  air  and  soluble  in  water  without  decomposition.  Cupriammonium  ace- 
tate, anhydrous,  Cu(NH3).,C?H802,  and  hydrated,  Cu(NH3)2(C2H302)2iH20, 
were  both  prepared,  confirming  the  work  of  Foerster  (Ber.,  25,  3416). 

H.  P.  Talbot. 


Chromates  of  the  Rare  Earths.  By  Chase  Palmer.  Am.  Chem.J., 
17,374-379.  —  Earlier  references  are  to  be  found  relating  to  only  two  chro- 
mates of  the  rare  earths,  thorium  chromate  (Chydenius,  Ann.  tier  Phys.  (Pogg.), 
119,  43)  and  cerium  chromate  (Pattison  and  Clarke,  Cliem.  News,  16,  259). 
Thorium  chromates  are  treated  of  in  the  present  paper,  with  a  brief  reference 
to  chromates  of  zirconium.  On  the  addition  of  freshly  precipitated  thorium 
hydroxide  to  a  solution  of  chromic  anhydride  a  fine  orange  precipitate  falls, 
the  action  being  more  rapid  at  90°  than  in  the  cold.  The  results  of  analysis 
correspond  to  the  formula  Th(Cr04)2.H20.  When  the  solution  of  thorium 
hydroxide  in  the  chromic  acid  was  allowed  to  evaporate  over  sulphuric  acid 
orange  scales  formed,  with  a  composition  Th(Cr04)2.3H20.  On  the  addition 
of  two  molecules  of  potassium  dichromate  to  one  molecule  of  thorium  nitrate, 
both  solutions  boiling,  hydrated  thorium  chromate  was  thrown  down.  No 
precipitate  formed  at  first  in  the  cold,  but  after  twenty-four  hours  the  same 
compound  was  precipitated  as  above,  but  in  lesser  quantity;  a  further  precip- 
itation occurred  on  heating  the  filtrate.  Potassium  chromate,  in  the  propor- 
tion of  three  molecules  to  one  of  the  thorium  nitrate,  first  induces  a  yellow 
precipitate  of  the  composition  Th(OH)2Cr04,  while  the  solution  becomes  red, 
indicating  the  formation  of  potassium  dichromate.  If  this  basic  chromate 
remains  in  contact  with  the  solution  it  gradually  changes  to  the  orange 
compound  already  mentioned,  while  the  solution  again  becomes  yellow,  in- 
dicating the  formation  of  the  normal  chromate.  One  part  of  the  hydrated  salt 
is  soluble  in  284  parts  of  water  at  22°  ;  at  a  dull  red  heat  it  is  decomposed 
into  thorium  dioxide  and  chromic  oxide.     It  contains  one  molecule  of  water, 
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which  is  firmly  bound.  Whether  this  corresponds  to  the  symbol  Th(Cr04)2. 
H20  or  to  the  symbol  Th \/qh\7,  the  author  is  unable  to  state.  He  pro- 
poses to  continue  the  study  of  the  chromates  of  zirconium  and  other  members 

of  the  same  group. 

H.  P.  Talbot. 

On  the  Double  Halides  of  Caesium,  Rubidium,  Sodium,  and  Lith- 
ium with  Thallium.  By  J.  H.  Pratt.  Am.  J.  Sci.,  49,  397-404.  —  The 
double  salts  were  prepared  by  mixing  solutions  of  thallic  halide  with  the 
alkali  halide  in  varying  proportions,  evaporating,  and  cooling  to  crystalliza- 
tion. With  bromides  and  iodides  the  conditions  were  improved  by  the  pres- 
ence of  a  little  bromine  or  iodine.  The  crystals  were  dried  between  filter 
papers,  and  some  of  them  in  air,  before  analysis.  The  following  compounds 
were  prepared  and  their  properties  described,  the  ratios  being  that  between 
the  alkali  metal  and  the  thallium:  (3:1),  Cs3TlCl6.H20,  Rb3TlCl6.H20., 
Rb3TlBr6.HoO,  Na3TlCl6.i2H20,  Li3TlCl„.8H20. ;  (2  :  1),  Cs2TlCl6,  Cs2TlCl5. 
H20,  Rb2TlCl5.H20;    (3:2),  Cs8Tl2Cl9,  Cs3Tl2Br9 ;  (1:1),  CsTlBr4,  CsTH4, 

RbTlBr4.H„0,  RbTH4.2H20. 

H.  P.  Talbot. 

Organic  Chemistry. 

A.  A.  Noyes,  Ahstracter. 

On  the  Saponification  of  the  Ethers  of  the  Sulphonic  Acids  by 
Alcohols.  By  J.  H.  Kastle  and  Paul  Murrill.  Am.  C/iem.J.,  17,  290- 
297.  —  The  article  presents  a  series  of  quantitative  experiments  on  this  reac- 
tion, which  is  typically  expressed  by  the  equation  CsH5S02OC2H5  -|-  C,HsOH 
=  C6H5S02OH  -f-  (C2H5)20.  The  effect  of  the  nature  of  the  alcohol,  of  the 
excess  of  it  used,  of  the  constitution  of  the  sulphonic  acid,  and  of  the  temper- 
ature, on  the  saponification  were  all  investigated.  Methyl  alcohol  saponifies 
much  more  readily  than  ethyl,  but  the  propyl  alcohols  do  not  differ  from  the 
latter  appreciably  in  their  effect.  The  greatest  amount  of  saponification  oc- 
curred when  the  proportion  of  alcohol  to  ether  was  50  or  100  to  1,  a  larger 
excess  of  alcohol  apparently  causing  the  reaction  to  take  place  in  the  reverse 
direction.  The  saponification  takes  place  at  the  ordinary  temperature  very 
slowly,  amounting  only  to  13  per  cent,  in  twenty-two  days  in  the  case  of  ethyl 
benzenesulphonate  and  a  fifty-fold  excess  of  methyl  alcohol.  Under  the  same 
circumstances  the  saponification  of  the  ethyl  ethers  of  chloro,  bromo,  and  iodo- 
benzenesulphonic  acids  equals  about  30  per  cent.,  thus  showing  that  the  pres- 
ence of  halogen  atoms  in  the  acid  greatly  facilitates  the  decomposition.  The 
saponification  at  ioo°  is  very  rapid,  reaching  85  per  cent,  within  an  hour  in 
the  case  of  ethyl  benzenesulphonate  and  the  fifty-fold  excess  of  methyl  alco- 
hol and  68  per  cent,  with  ethyl  alcohol  under  the  same  conditions. 

On  the  Two  Isomeric  Chlorides  of  Orthosulphobenzoic  Acid. 
By  Ira  Remsen.  I.  The  Action  of  Aniline  and  of  the  Toluidines  on 
Orthosulphobenzoic  Acid  and  its  Chloride.  By  Ira  Remsen  and  C.  E. 
Coates,  Jr.  II.  Further  Study  of  the  Action  of  Aniline  on  the  Chlo- 
rides of  Orthosulphobenzoic  Acid.  By  Ira  Remsen  and  E.  P.  Kohler. 
III.  Separation  of  the  Two  Chlorides  of  Orthosulphobenzoic  Acid. 
By  Ira  Remsen  and  A.  P.  Saunders.  Am.  C/iem.  J.,  17,  309-368.  —  The 
crude  product  of  the  action  of  phosphorus  pentachloride  on  salts  of  o-sulpho- 
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benzoic  acid  may  be  separated  into  two  isomeric  chlorides,  melting  at  76°  and 
at  220,  respectively,  by  evaporation  of  the  petroleum-ether  solution  at  0°,  and 
mechanical  selection  of  the  crystals.  The  "solid"  chloride  (m.  pt.  76°)  is 
more  conveniently  obtained  pure  by  shaking  the  chloroform  solution  for  about 
one  minute  with  concentrated  aqueous  ammonia  and  evaporating  off  the  chlo- 
roform. The  chloride  melting  at  220  is  designated  as  the  "liquid"  chloride 
(III).  Corresponding  to  the  existence  of  these  two  isomers  there  are  formed 
bv  the  addition  of  the  crude  o-sulphobenzoyl  chloride  to  an  aqueous  emulsion 
of  aniline  in  excess  two  isomeric  anilides,  one  soluble  in  ether  and  melting  at 
1960,  the  other  insoluble  in  ether  and  infusible.  Both  are  weak  acids  insolu- 
ble in  water,  soluble  in  alkalies  and  carbonates.  Two  isomeric  toluides  are 
also  obtained  both  from  m'eta  and  para  toluidine  in  the  same  way  (I).  As  the 
fusible  anilide  is  alone  produced  by  the  action  of  the  pure  solid  chloride  on  an- 
iline in  the  presence  of  water,  it  follows  that  these  two  bodies  have  a  correspond- 

ing  constitution;   and,  as  o-sulphobenzanil,  CGH4  ^cq  /NC»Hs,  is  the  only 

product  of  the  reaction  between  dry  aniline  and  the  solid  chloride,  it  follows  fur- 
ther that  the  constitution  is  probablv  the  symmetrical  one  :  C6H4(C0C1)(S02C1) 
and  C6H4(CONHCeH5)(S02NHC'6H6).  On  the  other  hand,  the  infusible 
anilide  is  the  principal  product  of  the  action  of  the  liquid  chloride  both  on 
dry  aniline  and  on  its  aqueous  emulsion,  and  the  authors  assign  to  these  com- 
pounds  the   unsymmetrical   structure  (  e.  g.,  C6H4  \oq  2 /O  )  GO-     The 

structure  of  the  chlorides  is  further  confirmed  by  their  reactions  in  ether 
solution  with  dry  ammonia,  whereby  the  solid  one  is  converted  into  benzoic 
sulphinide  (saccharine),  and  the  liquid  one  mainly  into  cyanbenzenesulphonic 
acid.  The  two  chlorides  are  decomposed  with  the  same  readiness  by  boiling 
water.  The  solid  one  warmed  with  phenol  gives,  together  with  another  prod- 
uct not  identified,  diphenyl  o-sulphobenzoic  ether,  a  body  melting  at  1180, 
readily  soluble  in  hot  alcohol  and  sparingly  in  cold.  By  the  action  of  ben- 
zene and  aluminum  chloride  on  the  mixed  chlorides  or  on  the  solid  chloride, 
0-benzoylbenzenesulpnonyl  chloride,  C6H5C0C8H,S02C1,  is  at  first  produced, 
and  by  continued  action,  0-benzoyldiphenylsulphone,  C«H5COC6H4SOoC6H0, 
results.  The  first  of  these  substances  crystallized  from  ether  melts  at  96°- 
97°,  and  reacts  with  caustic  potash  to  form  potassium  o-benzoylbenzenesul- 
phonate,  C13Hi(S04K  -j-  H20  (which  on  fusion  with  dry  potash  is  almost 
quantitatively  decomposed  into  potassium  benzoate  and  benzenesulphonate), 
with  alcohol  to  form  an  ethyl  ether  melting  at  1260  and  readily  saponified  by 
hot  alcohol,  with  ammonia  to  form  a  lactim  (m.  pt.  163°),  and  with  aniline  to 
form  an  anilide  (m.  pt.  i43°-i45°).  The'  o-benzoyldiphenylsulphone  (m.  pt. 
1840)  is  decomposed  by  fusion  with  potash  into  potassium  benzoate  and  di- 
phenylsulphone  (III).  Incidentally  a  number  of  other  new  compounds  are 
prepared  and  described,  namely,  the  acid  and  neutral  0-sulphobenzoates  of 
aniline  and  the  three  toluidines;  the  above  mentioned  o-sulphobenzanil 
(m.  pt.  190.5°)  and  the  corresponding  tolils  prepared  in  the  same  way  from 
the  toluidines  ;  and  the  anilic  and  paratolilic  acids  produced  by  the  action  of 
boiling  caustic  soda  on  the  anil  and  paratolil  (I).  Orthosulphobenzanil  is 
studied  quite  fully  in  order  to  establish  its  symmetrical  constitution.  It  is 
obtained  by  the  oxidation  of  0-toluenesulphonanilide  with  potassium  perman- 
ganate and  heating  of  the  oxidation-product,  as  well  as  by  the  method  before 
mentioned.  The  anil  when  boiled  with  dilute  hydrochloric  acid  is  trans- 
formed into  the  acid  aniline  salt  of  0-sulphobenzoic  acid ;  when  boiled  with 
aniline,  into  the  fusible  anilide  of  that  acid  (II). 
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On  the  Action  of  Benzimidomethyl  Ether  on  Aromatic  Ortho 
Compounds.  By  H.  L.  Wheeler.  Am.  Chem.  J.,  17,  397-403.  —  Benzim- 
idomethyl ether  (prepared  by  digesting  silver  benzamide  suspended  in  ether 
with  an  excess  of  methyl  iodide,  or  by  the  action  of  gaseous  hydrochloric  acid 
on  a  mixture  of  benzonitrile  and  methyl  alcohol)  is  an  oil  not  solidifying  at 
— 300,  soluble  in  acids,  insoluble  in  alkalies.  In  contact  with  water  it  slowly 
decomposes  into  benzamide  and  methyl  alcohol.  Heated  to  ioo°-iio°  with 
0-amidophenol,  0-amidothiopheno],  0-phenylenediamine,  and  0-toluylenedia- 
mine  it  yields,  respectively,  the  following  known  anhydro  bases : 

Benzenylamidophenol.  Benzenylamidothiophenol. 

CcHs.C^^  q      ^CgH4.  CgH$.C^     0  ^^CqHi. 

Benzenylphenylenediamine.  Benzenyltoluylenediamine. 

CeHs.C^^j^jj^^CcH^  CsHs.C^^tjj^^CcHs.CHs. 

On  the  Action  of  Some  Inorganic  Cyanides  upon  Chlorocaffeine. 
By  M.  Gomberg.  Am.  Chem.  J.,  17,  403-420.  —  Chloro-  and  bromocafFeine 
(C8H,,N402Br)  when  boiled  with  potassium  cyanide  dissolved  in  80  per  cent. 
alcohol  do  not  yield  the  cyanide,  but  some  hydroxycaffeine  and  the  carboxyl- 
amide  (C8H9N402CONH2),  an  amorphous  infusible  body,  insoluble  in  water, 
dilute  acids,  and  organic  solvents,  soluble  in  strong  acids.  The  author  de- 
scribes a  variety  of  unsuccessful  attempts  to  prepare  the  cyanide  directly,  in 
which  other  solvents  for  the  potassium  cyanide  and  other  metallic  cyanides 
were  used.  In  some  cases  some  cyanide  was  formed,  but  the  transformation 
was  never  complete,  and  the  product  could  not  be  freed  from  unchanged  chlo- 
rocaffeine. Cyanocaffeine  was,  however,  obtained  by  heating  the  carboxyl- 
amide  to  200°  with  phosphorus  pentoxide  for  several  hours.  It  is  a  white 
crystalline  substance  melting  at  1510,  subliming  at  160°,  soluble  in  hot  water, 
hot  alcohol,  methyl  alcohol,  and  chloroform,  insoluble  in  ether.  It  is  not 
readily  hydrated  except  in  the  presence  of  potassium  cyanide.  —  The  car- 
boxylamide  is  converted  at  1000  by  dilute  sulphuric  acid  (1  :  1)  into  caffeine, 
carbon  dioxide,  and  ammonia.  At  a  lower  temperature  some  caffeinecar- 
boxylic  acid  is  formed,  but  the  best  method  of  preparing  the  latter  is  to  pass 
nitrogen  trioxide  into  the  cold  sulphuric  acid  solution  until  on  dilution  with 
water  an  amorphous  precipitate  is  no  longer  produced.  The  acid  crystallizes 
in  silky  needles  melting  at  2250;  it  is  insoluble  in  cold  water  and  alcohol, 
soluble  in  these  solvents  when  hot,  insoluble  in  chloroform  (unlike  most 
caffeine  compounds),  carbon  bisulphide,  and  benzene.  It  splits  off  carbonic 
oxide  very  readily  when  heated  dry  or  with  dilute  acids.  Its  sodium,  potas- 
sium, calcium,  barium,  copper,  and  silver  salts,  and  its  methyl  and  ethyl 
ethers  (prepared  from  the  silver  salt  and  the  alkyl  iodides),  are  described. 

Camphoric  Acid.  By  W.  A.  Noyes.  Am.  Chem.  J.,  17,  421-434. — 
This  is  a  third  paper  by  the  author  (see  Am.  Chem.  /.,  16,  505)  contribut- 
ing to  the  knowledge  of  the  constitution  of  camphoric  acid  and  camphor.  It 
is  here  shown  that  dihydroaminocampholytic  acid,  C8H14(NH2)(C02H)  (which 
is  derived  directly  from  canjphoric  amide,  C8H14(CONH2)(C02H)),  is  decom- 
posed by  nitrous  acid  into  a  tertiary  beta  hydroxy  acid,  C8Hi4(OH)(C02H), 
and  into  campholytic  acid,  C8H13(C02H).  The  hydroxyl  group  is  tertiary. 
since  the  acid  is  very  stable  towards  potassium  permanganate  and  chromic 
acid  mixture.  It  is  probably  /3  to  the  carboxyl  group,  since  of  the  remaining 
positions  the  7  is  excluded  by  the  fact  that  the  acid  forms  no  lactone,  the 
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8  by  the  existence  of  camphoric  anhydride,  and  the  a  by  the  differences  in 
the  reactions  of  the  two  amino  acids.  It  therefore  follows,  as  Walker  as- 
sumed, that  camphoric  acid  contains  the  group  —  CH(C02H)  —  CR(C02H) — . 
This  is  further  confirmed  by  the  behavior  of  campholytic  acid  towards  dilute 
sulphuric  acid  as  an  aft  unsaturated  acid,  since  it  does  not  form  a  lactone  as 
/S7  acids  do.  —  Dihydro-hydroxycampholytic  acid,  prepared  as  above  stated, 
melts  at  1320,  and  is  moderately  soluble  in  water  and  ether,  very  difficultly  in 
ligroin,  and  easily  in  alcohol.  Treated  with  fuming  hydrobromic  acid  a  hy- 
drobromide,  C8H14BrC02H  (m.  pt.  98°-ioo0),  is  formed  identical  with  the 
addition-product  of  cis-trans-campholytic  acid.  The  hydroxy  acid  and  cis- 
trans-campholytic  acid  on  standing  with  dilute  sulphuric  acid  (1  :  1)  are  quan- 
titatively transformed  into  cis-campholytic  acid,  which  is  identical  with  the 
camphothetic  acid  of  Walker  (_/.  Chem.  Soc,  63,  504)  and  the  isolauronolic 
acid  of  Koenigs  and  Hoerlin  (Bcr.,  26,  814).  The  acid  crystallizes  in  rectan- 
gular plates,  melting  at  133.5°,  verv  difficultly  soluble  in  cold  water,  but  easily 
in  alcohol  and  ether.  Its  bromine  and  hydrobromic  acid  addition-products 
are  described.  —  The  products  of  the  action  of  nitrous  acid  on  aminolauronic 
acid,  C8Hi4(NHo)(C02H),  consisting  of  a  hydrocarbon,  a  lactone,  and  an  un- 
saturated acid,  have  now  been  more  carefully  studied.  The  hydrocarbon  has 
the  composition  C8HU,  boils  at  122°,  and  has  a  specific  gravity  at  $g!  of 
0.8004.  '' ne  lactone  (called  iso-campholactone)  melts  at  23°,  and  is  iso- 
meric, not  identical  with  the  campholactone  of  Fittig  and  Worringer  {Arm. 
Chem.,  227,  10).  The  acid,  y-lauronolic  acid,  identical  with  the  allo-campho- 
lytic  acid  of  Walker  and  Henderson  (_/.  Chem.  Soc.,  67,  341),  is  a  /Sy  acid  of 
the  composition  C8Hi3C02H.  Heated  with  dilute  sulphuric  acid  to  ioo°  it  is 
changed  to  campholactone  (in.  pt.  48c,-49°). 

On  Some  Experiments  with  Acetylacetone  and  Acetacetic  Ether. 
By  Richard  S.  Curtis.  Am.  Chem.  J.,  17,  435-443.  —  The  two  products  ob- 
tained by  Nef  {Ann.  Chem.,  277,  73)  by  the  digestion  of  silver  acetylacetone 
with  an  excess  of  ethyl  iodide  are  shown  to  be  isomeric  substances,  the  one 
soluble  in  caustic  alkalies  being  presumably  a-ethylacetylacetone,  the  insolu- 
ble one,  o-acetyl-/3-ethoxypropylene.  —  The  author  also  shows  that,  contrary 
to  the  assumption  of  Claisen,  acetacetic  ether,  like  the  oxymethylene  com- 
pounds and  the  fatty  acids,  is  etherified  by  means  of  absolute  alcohol  and 
hydrochloric  acid,  a  15  per  cent,  yield  of  /8-ethoxycrotonic  ether  being  so 
obtained.  —  By  the  addition  of  bromine  to  /3-ethoxycrotonic  ether  in  ether 
solution  at  — 10°  a  variety  of  not  fully  identified  products  are  produced. 
The  dibromide  is  not  stable  at  that  temperature. — The  copper  salts  of  a 
and  y-bromacetacetic  ethers  were  investigated  in  the  hope  of  finding  therein 
a  means  of  separating  the  two  ethers,  but  with  only  partial  success.  The 
author  believes,  however,  to  have  proved  with  their  help  that  the  product  of 
the  action  of  bromine  on  acetacetic  ether  is  a  mixture  of  the  a-  and  7-brom- 
acetacetic  ethers. 

On  Some  Azo  and  Azimido  Compounds.  By  W.  G.  Mixter.  Am. 
Chem.  J.,  17,  449-453.  —  Benzoylazotoluide  :  [C6H3.CH3(i).NHC7H|;0(4). 
N(5)l2,  acetylazotoluide  :  [C„H8.CH3(i).NHC2H30(2).N(s)]2,  and  benzoylaz- 
owlide:  [C6H2.CH3(i).CH3(3).NHC7H50(4).N(s)]2  are  prepared  by  the  re- 
duction of  the  corresponding  nitro  compounds  in  alcoholic  solution  with  zinc 
and  ammonia.     These  azo  compounds  are  almost  insoluble   in  alcohol,  but 
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crystallize  from  boiling  acetic  acid.  —  Benzoylazimidotoluene  :  C6H3.CH3(i). 
N2(4).NC7H50(5)  (m.  pt.  1250)  and  benzoylazimidoxylene :  C6H,.CHs(i). 
CH3(3).NC7H50(4).N2(5)  (m.  pt.  111°)  are  obtained  by  the  addition  of  po- 
tassium nitrite  to  an  acid  solution  of  benzoyldiamidotoluene  and  benzoyldi- 
amidoxylene,  respectively.  Both  are  easily  soluble  in  alcohol.  Azimidoxyl- 
ene,  resulting  from  the  treatment  of  the  second  compound  with  hot,  strong 
hydrochloric  acid,  is  a  white  powder  slightly  soluble  in  cold  water,  but  readily 
soluble  in  acids,  ammonia,  alcohol,  and  ether. 

On  the  Action  of  Certain  Alcohols  with  Metadiazobenzenesul- 
phonic  Acid.  By  W.  B.  Shober  and  H.  E.  Kiefer.  Am.  Chem.  J.,  17, 
454-461. — This  acid,  when  boiled  at  various  pressures  (from  400  to  800  mm.) 
with  methyl,  ethyl,  or  propyl  alcohol,  undergoes  two  distinct  reactions,  the 
diazo  group  being  replaced  partly  by  hydrogen  and  partly  by  the  methoxyl, 
ethoxyl,  or  propoxyl  group.  Increase  of  pressure  (or  more  correctly  the  in- 
crease of  temperature  produced  by  it,  which  unfortunately  the  authors  do  not 
state)  causes,  in  the  case  of  methyl  and  ethyl  alcohols,  at  least,  the  second  of 
these  reactions  to  take  place  to  a  relatively  greater  extent.  The  previously 
investigated  /ara-diazobenzenesulphonic  acid  (Shober,  Am.  Chem.  J.,  15,  379) 
behaved  quite  differently,  as  the  hydrogen  replacement  took  place  exclusively, 
except  in  the  case  of  methyl  alcohol,  at  ordinary  and  increased  pressure.  It 
moreover  requires  hours  for  its  decomposition  where  the  meta  acid  requires 
minutes.  —  The  reaction-products  were  separated  by  conversion  to  the  amides 
and  mechanical  selection  of  the  crystals.  Meta  methoxy,  ethoxy,  and  pro- 
poxy-benzenesulphonamides  melt  at  128°,  1260,  and  1220,  respectively. 

On  Some  Experiments  in  the  Anthracene  Series.  By  C.  E.  Line- 
barger.      /.  Am.   Chem.  Soe.,   17,   354-358.  —  The   author  describes  several 

unsuccessful  attempts  to  prepare  the  compound  C6H4^    ||    ^;C6H4.     Mono- 


bromanthracene  heated  alone  to  300°,  or  with  alcoholic  potash  in  closed 
tubes,  or  with  solid  potash,  gave  only  anthracene.  Anthracene  also  resulted 
from  the  action  of  sodium  in  xylene  solution  on  dibromanthracene. 

On  the  Crystal  Form  of  Borneol  and  Isoborneol.  By  William 
H.  Hobbs.  Am.  J.  Set.,  49,  449-452.  —  Crystallographic  measurements  show 
that  the  alcohol,  Ci0H18O,  obtained  from  the  oil  of  black  spruce  and  from  that 
of  fir  balsam  is  borneol,  while  that  obtained  from  the  oil  of  turpentine  in 
benzene  is  identical  with  isoborneol  (J.  prakt.  Chem.,  49,  1),  except  in  the  one 
respect  that  it  is  optically  negative.  New  crystallographic  data  in  regard  to 
these  two  substances  are  communicated. 

Vegetable  Chemistry'. 
A.  A.  Noyes,  Abstracter. 

Basswood-oil.  By  F.  G.  Wiechmann.  Am.  Chem.  J.,  17,  305-308. — 
From  a  sample  of  sound  basswood  ether  was  found  to  extract  5.24  per  cent, 
of  a  saponifiable  oil  having  the  following  characteristics :  Specific  gravity,  \$., 
0.938;  congealing  point, — 10°;  saponification-equivalent,  315  ;  iodine  absorp- 
tion, in;  color,  olive  brown ;  Heydenreich's  reaction,  yellow  and  red  brown. 
It  thus  resembles  cottonseed  oil  in  its  properties.  In  a  second  sample  of 
basswood,  which  had  lain  under  water  for  a  long  time,  the  oil  was  found  to 
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have  undergone  decomposition,  so  that  on  saponification  and  distillation  with 
steam  it  yielded  a  considerable  proportion  of  volatile  fatty  acids  of  mean 
combining  weight,  92. 

The  Sugar  of  the  Agave  Americana.  By  W.  E.  Stone  and  D.  Lotz. 
Am.  Chem.  J.,  17,  368-371.  —  The  authors  have  examined  two  distinct  sam- 
ples of  this  sugar,  and  rind  it  to  be  identical  in  all  its  properties  with  sucrose, 
contrary  to  the  results  of  Michand  and  Tristan  (Am.  Chem.  J.,  14,  548),  who 
stated  that  their  sugar  was  optically  inactive. 

The  Furfurol-yielding  Constituents  of  Plants.  By  C.  F.  Cross, 
E.  J.  Bevan,  and  C.  Beadle.  J.  Am.  Chem.  Soe.,  17,  286-289. — The  purpose 
of  the  article  is  to  point  out  that  de  Chalmot  in  a  recent  paper  {Am.  Chem.  J., 
16,  589)  substantially  accepts  the  opinions  of  the  authors  that  the  furfurol- 
yielding  constituents  of  plants  are  not  necessarily  pentoses  or  pentosans,  but 
in  many  cases  oxidation  derivatives  of  cellulose  still  containing  six  carbon 
atoms. 

Apparatus. 

A.  H.  Gill,  Abstracter. 

A  Cheap  Form  of  Self-Regulating  Gas  Generator.  By  W.  W. 
Andrews.  J.  Am.  Chem.  Soe.,  17,  304-306.  —  Reference  must  be  made  to 
the  original  article  for  the  description.  The  apparatus  would  seem  to  merit 
special  attention  on  account  of  its  cheapness,  convenience,  and  safety.  The 
quality  of  gas  is  more  even  than  that  furnished  by  the  Kipp  generator. 

A  New  Hydrogen  Sulphide  Generator.  By  J.  I.  D.  Hinds.  J.  Am. 
Chem.  Soe.,  17,  420.  —  The  apparatus  is  very  similar  to  that  of  Koninck. 

Absorbent  Blocks.  By  P.  T.  Austen  and  W.  H.  Broadhurst.  J. 
Am.  Chem.  Soe.,  17,  472-473.  —  To  replace  the  unglazed  plates  which  are 
used  for  drying  substances  in  the  laboratory  the  authors  propose  a  thorough 
mixture  of  equal  parts  of  infusorial  earth  and  plaster  of  Paris,  which  is  so 
moistened  as  to  work  easily.  A  mould  is  prepared,  consisting  of  a  sheet  of 
slightly  oiled  glass  with  strips  of  glass  serving  as  divisions,  upon  which  the 
mixture  is  poured  and  allowed  to  harden,  after  which  the  blocks  are  detached 
and  dried  at  no°-i20°  C. 

Some  New  Laboratory  Apparatus.  By  E.  Sauer.  J.  Am.  Chem. 
Soe.,  17,  474-476.  —  The  article  pictures  and  describes  a  shaking  apparatus, 
consisting  of  a  miniature  freight  car  on  a  track,  having  a  capacity  for  bottles 
up  to  six  liter,  two  Witt's  stirrers,  and  a  pulley  for  a  centrifugal  machine,  all 
driven  by  a  Henrici  hot-air  engine.  —  Lupp's  illuminating  apparatus  is  also 
described.  It  consists  of  a  tripod  mounting  a  concave  mirror,  over  which 
is  placed  the  beaker  containing  the  fine  precipitate,  or  any  color,  the  depth 
of  which  is  to  be  estimated.  It  would  seem  to  be  especially  useful  in  titrat- 
ing in  cloudy  weather,  since  any  change  would  be  readily  recognized  in  the 
strongly  illuminated  liquid. 

An  Arrangement  for  Washing  Precipitates  with  Boiling  Water. 
By  F.  F.  Jewett.  J.  Am.  Chem.  Soe,  17,  517-518.  —  A  description  and 
sketch  of  an  apparatus  for  the  mentioned  purpose. 
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An  Automatic  Mercury  Vacuum  Pump.  By  M.  I.  Pupin.  Am. 
J.  Sri.,  49,  19-21.  —  For  a  description  of  the  apparatus  reference  must  be 
made  to  the  original  article. 

Technical  Chemistry. 

The  Contributions  of  Chemistry  to  the  Methods  of  Preventing 
and  Extinguishing  Conflagration.  By  T.  H.  Norton.  J.  Am.  C/iem. 
Soc,  17,  137-147,  251-260,  361-380.  —  The  author  begins  by  stating  the 
annual  fire  losses,  which  are,  in  round  numbers,  $200,000,000,  of  which  sum 
America  contributes  more  than  $90,000,000,  amounting  to  one  fifth  the  an- 
nual profits  of  all  the  industries  of  the  country,  and  to  this  must  be  added 
the  cost  of  water  supply  and  fire  departments,  amounting  to  one  third  more. 
From  80  to  90  per  cent,  of  this  loss  might  be  easily  avoided  by  the  adoption 
of  slow-burning  construction  and  the  use  of  fireproof  material.  —  The  various 
fire  extinguishers  and  hand  grenades  are  first  discussed;  these  include  the 
chemical  engines,  liberating  carbon  dioxide,  and  the  various  extinguishing 
powders,  which  by  their  combustion  yield  inert  gases,  as  sulphur  and  carbon 
dioxides.  These  are  usually  composed  of  about  sixty  parts  saltpeter,  thirty- 
five  parts  sulphur,  and  five  of  charcoal.  The  hand  grenades  contain  about  25 
per  cent,  solutions  of  the  chlorides  of  magnesium,  calcium,  ammonium,  and  so- 
dium, mixed  in  various  proportions,  and  costing  about  1  per  cent,  of  their  sell- 
ing price.  In  this  division  of  the  subject  there  seems  to  be  little  chance  for 
further  contributions  of  any  real  value  ;  a  non-inflammable,  non-corrosive,  and 
non-freezing  liquid  for  filling  the  pipes  of  automatic  sprinklers  would,  how- 
ever, fill  a  long-felt  want.  —  The  second  part  of  the  paper  treats  of  the  meth- 
ods of  fireproofing  fabrics  and  wood.  These  consist  in  depositing  upon  these 
substances  either  some  insoluble  compound  or  some  salt,  which,  upon  heat- 
ing, liberates  fire-extinguishing  gases.  Of  the  forty-four  salts  experimented 
with  by  Versmann  and  Oppenheim  in  1859  but  two,  ammonium  phosphate 
((NH4)2HP04)  and  sulphate,  gave  good  results.  The  others  were  objection- 
able on  account  of  hardening  the  fabric,  keeping  it  damp,  affecting  its  strength, 
or  their  high  cost.  Sodium  tungstate  solution  (1.14  sp.  gr.),  containing  3  per 
cent,  of  sodium  phosphate,  is  especially  to  be  recommended  for  light  fabrics 
which  are  to  be  ironed.  The  composition  of  quite  a  number  of  the  later  mix- 
tures is  given.  Apparently  the  first  compound  used  for  wood  was  silicate  of 
soda  applied  as  a  paint,  which  changed  its  composition  afterwards  and  afforded 
no  protection.  The  pores  of  the  wood  were  then  filled  with  calcium  sulphate, 
by  double  decomposition,  by  exhausting  the  air  and  allowing  solutions  of  cal- 
cium sulphide  and  copperas  to  enter  alternately.  Wood  so  prepared  is  largely 
used  in  England  in  public  works.  Kyanizing,  burnettizing,  boucherizing,  all 
render  wood  less  inflammable.  In  place  of  impregnation  as  a  means  of  pre- 
venting fire,  recourse  was  next  had  to  covering  the  outside  of  the  wood  with 
a  protective  coating.  Various  siliceous  paints  —  water  glass,  with  additions 
of  quartz,  alumina,  zinc  oxide,  iron  oxide,  or  powdered  glass  —  have  been 
used ;  a  still  later  addition  is  a  mixture  of  ground  asbestos,  potassium  alumi- 
nate,  oil  driers  and  gummy  matters,  and  this  makes  the  best  type  of  a  pro- 
tective coating.  The  methods  of  testing  the  efficiency  of  the  various  agents 
are  given.  The  first  method  (Lochtin's)  is  by  impregnating  strips  of  filter 
paper  50  cm.  long  and  5  cm.  broad,  and  igniting  it;  the  author  uses  thin 
strips  of  pine  wood  8  cm.  long  and  1  cm.  wide.  Boudin  and  Donny  use 
wooden   rods  39  cm.  long  and  15  mm.  square,  impregnated  with   the   sub- 
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stances,  which  are  rotated  over  a  series  of  five  Bunsen  burners,  consuming 
7  cubic  feet  of  gas  per  hour.  A  still  more  rigorous  test,  and  one  approximat- 
ing to  the  conditions  in  practice,  consists  in  producing  a  flame  directly  in 
contact  with  the  protected  surface.  Six  rows  of  six  rods  20  cm.  by  15  mm. 
square,  alternately  crossing  each  other,  are  piled  up,  leaving  an  open  space 
6  cm.  square  in  the  center.  Little  bundles  of  splints,  weighing  35  grams  each, 
are  introduced,  ignited,  and  the  effect  noted,  the  charge  being  repeated  if 
necessary.  The  results  are  tabulated,  so  that  the  efficiency  of  the  various 
compounds  maybe  seen  at  a  glance.  —  The  fireproofing  compounds  act  in  two 
ways,  either  by  evolving  some  inert  gas  which  extinguishes  combustion  or  by 
producing  some  non-conducting  covering  which  protects  the  outside  zene  of 
charcoal  from  the  air.  —  The  field  for  further  improvement  seems  to  lie  in  dis- 
placing petroleum  products  as  lighting  agents  and  in  the  more  extensive  use 
of  metal  as  structural  material.  Further  experiments  with  the  borates  and 
silicates  upon  fabrics  and  the  combination  of  injecting  the  wood  and  painting 
it  are  suggested. 

A.  H.  Gill. 

The  Manufacture  of  Carbide  of  Calcium  by  Electrolysis.  By  F. 
Bredel.  Am.  Gas  Light  J.,  52,  260-261.  —  The  author  calculates  that  the 
cost  of  production  of  a  ton  of  calcium  carbide  is  $40. 

A.  H.  Gill. 

Studies  in  Carbide  of  Calcium.  By  M.  P.  Wood.  Am.  Gas  Light 
J.,  52,  402-404.  —  The  literature  of  the  various  methods  of  preparation  of 
acetylene  is  given,  and  also  a  statement  of  its  properties. 

A.  II.  Gill. 

Carbide  of  Calcium.  By  H.  L.  Doherty.  Am.  Gas  Light  J.,  52, 
407-408.  —  The  preparation  and  properties  of  the  substance  are  given.  It  is 
stated  that  it  can  be  produced  at  a  price  of  $30  to  $60  per  ton,  yielding 
10,000  cubic  feet  of  acetylene,  equivalent  to  120,000  cubic  feet  of  20  candle 
power  gas.  The  author  thinks  that  little  can  be  hoped  for  from  this  gas 
as  an  enricher  on  account  of  its  specific  gravity,  but  that  it  would  be  useful 
alone  if  an  automatic  machine  were  built  to  generate  it. 

A.  H.  Gill. 

Acetylene.  By  F.  L.  Slocum.  Am.  Gas  Light  J.,  52,  802-803.  —  Tne 
properties  and  various  methods  of  production  are  given,  especially  from  cal- 
cium carbide,  the  latter  being  estimated  to  cost  from  $15  to  $  100  per  ton. 
The  author  thinks  that  there  is  little  hope  of  the  gas  ever  becoming  a  com- 
petitor of  coal  and  water  gas. 

A.  H.  Gill. 

Acetylene  as  an  Enricher.  By  E.  G.  Love.  Am.  Gas  Light  J.,  53, 
82-84.  —  The  candle  power  of  the  pure  gas  is  230  for  5  cubic  feet  per  hour 
consumption.  The  author  thinks  that  the  chief  use  will  be  to  enrich  car- 
buretted  water  gas,  increasing  the  candle  power  from  7.6  to  20,  at  a  cost  of 
15  cents  per  1,000  cubic  feet.  The  most  hopeful  outlook  for  the  use  of  the 
gas  is  its  generation  and  consumption  by  itself  at  a  rate  of  1  to  1.5  cubic  feet 
per  hour,  giving  about  56  candle  power. 

A.  H.  Gill. 
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Gas  from  Coke  Ovens.  By  Schniewind.  Iron  Age,  55,  588.  —  A 
table  of  the  analyses  of  the  various  kinds  of  gas  is  given,  that  from  the  Otto- 
Hoffmann  coke  ovens  having  about  double  the  heating  value  of  water  gas, 
three  and  one  half  to  five  and  one  half  times  that  of  producer  gas,  and  six 
times  that  of  blast  furnace  gas.  Seventy  volumes  of  natural  gas  are  theoret- 
ically equal  to  one  hundred  of  coke  oven  gas ;  practically,  however,  eighty 
volumes  of  natural  gas  are  necessary,  because  double  the  theoretical  amount 
of  air  is  required  to  burn  it.  On  account  of  the  difference  in  specific  gravity 
the  same  pipe  lines  will  furnish  a  proportionately  increased  quantity  of  oven 
gas,  so  that  no  change  in  the  piping  would  be  required  to  transmit  it.  Sixty 
Otto-Hoffmann  ovens,  coking  420  tons  coal  daily,  furnish  9,100  cubic  feet  of 
gas  per  ton,  or  3,822,000  cubic  feet,  of  which  one  half  is  used  to  coke  the  coal, 
and  the  remainder,  equal  to  61  tons  of  coal,  or  1,450  horse  power,  is  available 
for  use.  To  supply  the  needs  of  Pennsylvania  it  would  require  sixty-one 
plants  of  this  capacity. — The  paper  further  states  that  whether  coal  be  coked 
or  distilled  for  gas  the  amount  of  heat  required  is  practically  the  same.  One 
cubic  meter  of  the  gas  yields  5,195  calorie  or  265  British  thermal  units  per 
cubic  foot.  The  waste  heat  from  the  ovens  can  be  used  for  making  steam. 
Results  of  German  practice  are  also  given. 

A.  H.  Gill. 


The  Heating  Power  of  Wyoming  Coal  and  Oil,  with  a  Descrip- 
tion of  the  Bomb  Calorimeter.  By  E.  E.  Slosson  and  L.  C.  Colburn. 
Bull.  University  Wyoming.  (Abstract,  with  complete  tables,  J.  Soc.  Chem. 
Industry,  14,  353).  —  The  authors  have  determined  the  water,  volatile  com- 
bustible matter,  fixed  carbon,  ash  sulphur,  and  the  heating  value  (by  the 
Mahler  Bomb)  of  fifty-four  samples  of  coal  and  eight  of  oil.  The  petroleums 
have  nearly  double  the  heating  value  of  the  coals.  —  The  authors  consider  the 
boiler  test  of  fuels,  where  all  factors  can  be  accurately  determined,  of  great 
value,  but  that  the  calculation  from  the  analyses,  which  in  themselves  are 
tedious  and  delicate  to  perform,  has  many  disadvantages,  and  recommend 
a  calorimeter  test  as  the  most  satisfactory.  The  Thomson  calorimeter  was 
discarded  on  account  of  the  impossibility  of  making  accurate  corrections  for 
the  various  losses  of  heat,  as  from  the  combustion  gases,  the  imperfect  com- 
bustion of  the  carbon,  and  the  solution  of  the  salts.  These  corrections  were 
stated  by  the  manufacturers  of  the  instrument  to  be  10  per  cent.,  and  were 
found  to  be  more  nearly  30  per  cent.  The  Berthelot  calorimeter  is  too  ex- 
pensive, costing  $1,500;  the  Mahler,  costing  but  $150,  yields  practically  iden- 
tical results.  The  Regnault-Pfaundler  formula  (Ostivalds  Lehrbuch  d.  allge- 
meinen  Chemie,  1,  572)  gave  better  results  for  the  cooling  correction  than  that 
of  Mahler. 

A.  II.  Gill. 

Method  of  Determining  Flashing  and  Burning  Points  of  Com- 
bustible Liquids.  By  C.  B.  Dudley  and  F.  N.  Pease.  Am.  Eng.  R.  R. 
J.,  49,  201-202. — The  apparatus  is  very  simple,  consisting  of  a  2}"  Berlin 
porcelain  dish,  which  serves  as  the  cup,  supported  in  a  sand  bath,  heated  by 
a  Bunsen  burner.  The  apparatus  is  supported  upon  a  tripod  carrying  a 
rod,  from  which  the  thermometer  is  suspended ;  the  porcelain  tube  used  with 
Rose's  crucible  makes  the  best  possible  jet  for  a  testing  flame,  which  latter 
should  be  \"  long  and  \"  in  diameter. 
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The  dish  is  filled  with  the  liquid  to  be  tested  within  J"  of  the  top  and  the 
thermometer  hung  in  the  center  of  the  dish  so  that  it  does  not  touch  it ;  it  is 
then  slowly  heated  and  the  test  flame  passed  slowly  across  the  dish  $"  above 
the  liquid  and  just  in  front  of  the  thermometer.  This  is  continued  until  the 
vapor  of  the  liquid  ignites  with  a  slight  flash,  when  the  temperature,  which  is 
the  flashing  point,  is  noted.  These  directions  must  be  carefully  observed. — 
The  condition  which  most  influences  the  determination  of  the  flashing  point 
is  the  rapidity  of  heating;  the  greater  this  is,  the  more  the  flash  and  burning 
points  are  lowered.  Another  condition  is  the  frequency  with  which  the  test 
flame  is  applied.  In  the  Pennsylvania  Railroad  laboratory  the  practice  is  to 
raise  the  temperature  120  F.  per  minute  in  the  case  of  150°  fire-test  petroleum 
and  of  "wood  preservative,"  and  150  per  minute  in  the  case  of  3000  and  500° 
fire-test  petroleums  and  of  paraffine  and  well  oils ;  and  in  accordance  with  the 
State  law  the  flame  is  applied  for  each  succeeding  70  rise.  Duplicate  deter- 
minations vary  from  i°  to  70  F. 

A.  H.  Gill. 

Method  of  Taking  Cold  Test  and  Chilling  Point  of  Oils  and 
Other  Liquids.  By  C.  B.  Dudley  and  F.  N.  Pease.  Am.  Eng.  R.  R.J., 
49>  332~333-  —  Detailed  directions  are  given  for  taking  the  cold  test  by  cool- 
ing down  1  ounce  of  the  oil  in  a  4-ounce  bottle  placed  in  a  freezing  mix- 
ture and  noting  the  thawing  temperature  of  the  mass.  The  chilling  point,  or 
lowest  temperature  at  which  the  liquid  remains  clear,  is  similarly  taken.  Di- 
rections for  making  the  various  freezing  mixtures  are  also  given. 

A.  H.  Gill. 

Accuracy  of  the  Dyeing  Test.  By  Charles  S.  Boyer.  J.  Am. 
Chem.  Soc,  17,  468. — The  author  has  made  comparative  dyeing  tests  of  two 
samples  of  chipped  logwood  and  compared  the  results  with  those  obtained  by 
analyses  of  the  same  samples  by  Schreiner's  hide-powder  method  {Chem.  Ztg., 
1890,  961)  and  also  by  Trimble's  volumetric  color  method.  He  also  com- 
pared results  obtained  in  the  examination  of  extracts  of  sumac  by  dyeing  tests 
and  by  hide-powder  method.  The  author's  conclusions  are  that  a  dyeing  test 
when  applied  to  chipped  logwood  and  to  unadulterated  extracts  of  logwood 
and  of  sumac  yield  results  which  compare  favorably  with  the  best  methods  of 
analytical  chemistry;  also  that  the  results  of  the  dyeing  test  have  a  practical 
value. 

J.  W.  Smith. 

Chemical  Brick  for  Glover  Towers.  By  Irving  A.  Bachman.  J. 
Am.  Chem.  Soc,  17,  360-361.  —  A  short  article  containing  the  tabulated 
results  of  tests  of  brick  made  from  Aiken,  S.  C,  clays.  The  results  will  be 
of  interest  to  sulphuric  acid  makers,  as  the  tests  show  the  brick  to  be  of  excel- 
lent qualitv. 

F.  H.  Thorp. 

On  the  Manufacture  of  Soluble  Nitrocellulose  for  Nitrogelatine 
and  Plastic  Dynamites.  By  J.  E.  Bomen.  J.Am.  Chem.  Soc,  17,  411- 
419.  —  In  this  paper  are  presented  important  facts  bearing  on  the  preparation 
of  a  nitrocellulose  which  is  soluble  in  nitroglycerol.  This  must  be  a  trinitro- 
cellulose,  as  higher  nitrated  products  are  insoluble.     To  prepare  it  much  care 
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and  attention  are  necessary.  Cotton  waste  is  recommended  as  good  material. 
The  important  factors  in  the  process  are  the  proportion  and  strength  of  the 
sulphuric  and  nitric  acids  used,  the  time  that  the  cotton  and  acid  mixtures  are 
in  contact,  the  temperature,  etc.  Too  strong  sulphuric  acid,  or  an  excess  of  it, 
tends  to  form  cellulose  hydrate,  which,  being  more  readily  nitrated  than  cel- 
lulose, results  in  the  formation  of  too  highly  nitrated  derivatives.  Or  some 
of  the  cotton  may  be  converted  to  glucose,  which  when  nitrated  forms  nitro- 
saccharose,  an  insoluble  and  dangerous  admixture.  With  too  little  sulphuric 
acid  the  nitric  acid  soon  becomes  too  dilute  to  complete  its  action.  The 
author  finds  a  temperature  of  700  C.  gives  the  most  uniform  product.  He 
uses  forty  parts  of  nitric  acid  (sp.  gr.  1.430)  and  sixty  parts  of  sulphuric  acid 
(sp.  gr.  1.835).  The  mixing  is  best  done  in  lead-lined  tanks  with  water  jack- 
ets, and  compressed  air  delivered  through  a  perforated  lead  coil  is  used  to  stir 
the  mixture.  For  nitrating,  earthenware  pots  (depth  16  in.,  diameter  13  in.) 
set  in  troughs  filled  with  water  at  70°  C.  are  recommended.  Each  pot  holds 
45  pounds  of  mixed  acids,  sufficient  for  2  pounds  of  cotton,  which  is  rapidly 
immersed  by  means  of  a  fork.  The  time  of  nitrating  is  seventy  minutes,  the 
cotton  being  turned  once  or  twice.  Excess  of  acid  is  squeezed  out  by  the  use 
of  the  fork  and  the  nitrated  cotton  put  through  a  centrifugal  machine.  It  is 
then  plunged  into  cold  water  in  a  large  tank  and  thoroughly  washed  with  it 
and  then  with  a  sal  soda  solution.  It  then  passes  through  a  pulping  machine 
and  is  reduced  to  a  very  fine  pulp,  on  the  fineness  of  which  depends,  to  a  great 
extent,  its  solubility.  The  pulp  is  thoroughly  dried  at  8o°  C.  and  then  passed 
through  a  fine  sieve.  This  nitrocellulose  should  contain  from  20.5  to  21.8 
per  cent,  of  N03,  and  should  dissolve  in  thirteen  and  one  third  parts  of  nitro- 
glycerol,  within  twenty  minutes  forming  a  transparent  jelly.  The  cost  is  from 
thirty-five  to  forty  cents  per  pound,  which  may  be  reduced,  it  is  suggested,  by 
the  utilization  of  waste  acids  from  the  nitroglycerol  manufacture. 

F.  H.  Thorp. 

The  Analysis  of  Used  Liquors  in  Chrome  Tannage.  By  Carlton 
B.  Heal  and  H.  R.  Proctor.  Leather  Manufacturer,  5,  67-70.  —  The  au- 
thors first  discuss  the  methods  of  determination  of  free  chromic  acid  in  the 
bath  before  and  after  use.  The  method  of  N.  McCulloch  {Chem.  News,  55, 
2),  using  hydrogen  peroxide  and  ether,  and  titrating  with  standard  potassium 
chromate  until  the  disappearance  of  the  blue  color,  was  found,  after  slight 
modification,  to  give  good  results.  The  authors  found  that  the  addition  of 
excess  of  standard  soda  and  titration  back  with  standard  acid  gave  a  sharper 
end-point  than  direct  titrating  with  potassium  chromate.  Excess  of  standard 
soda  is  first  added  to  the  bichromate  solution  and  then  previously  neutralized 
hydrogen  peroxide  (1-2  cc.  of  a  ten-volume  solution  for  25  cc.  of  half  normal 
bichromate)  and  ether  to  a  depth  of  an  inch,  and  the  titration  with  standard 
acid  is  then  made  in  4-ounce  glass-stoppered  bottles,  shaking  well  after  each 
addition  of  acid. — The  method  of  E.  Donath  (Ztschr.  Anal.  Chem.,  18,  78), 
which  uses  manganese  sulphate  for  detecting  chromate  in  the  presence  of 
bichromate  and  depends  on  the  formation  of  a  brownish  black  precipitate  in 
the  boiling  solution,  was  found  unreliable.  When  copper  sulphate  is  added 
to  the  chrome  liquor  and  it  is  titrated  with  standard  soda  much  better  results 
are  obtained,  but  the  brown  precipitate  is  difficult  to  see  in  the  deep-colored 
chrome  liquor.  The  total  chromic  acid  in  the  liquors  was  estimated  by  ti- 
tration with  soda,  using  phenolphthalein  as  indicator.     Having  tested  these 
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methods  of  analysis,  the  authors  tried  the  experiments  as  follows  :  To  determine 

(1)  the  rate  and  extent  to  which  the  free  chromic  acid  is  taken  up  by  the  pelt ; 

(2)  the  excess  of  chromic  acid  over  the  quantity  necessary  to  produce  good 
leather,  which  raw  pelt  will  absorb  when  placed  in  successive  baths  of  the 
same  strength  ;  (3)  the  effect  of  using  remade  liquors,  and  also  how  far  the 
bichromate  can  be  reduced  in  the  chrome  liquor  while  keeping  the  free  chro- 
mic acid  constant ;  (4)  the  extent  of  the  action  of  the  sulphuric  acid  produced 
from  the  sulphurous  acid  in  the  reducing  bath  on  the  sodium  thiosulphate  re- 
maining in  it.  The  experiments  were  carried  out  with  much  care  and  detail, 
and  the  article  is  worthy  of  the  attention  of  all  chemists  interested  in  chrome 
tannage. 

F.  H.  Thofp. 


A  Study  of  Glass  and  the  Relation  of  its  Properties  to  its 
Chemical  Composition.  By  Robert  Linton.  Proc.  Eng.  Soc.  Western 
Pennsylvania,  IX,  1 19-136.  —  The  author  shows  that  the  compositions  of  vari- 
ous kinds  of  glass  approach  more  or  less  closely  a  definite  formula  for  each 
variety.  Good  samples  of  window  and  plate  glass  approximate  the  formula 
Na.O.CaO.sSiOj,  while  crystal  appears  to  have  the  formula  Na20.2PbO. 
i2Si02.  The  author  inclines  to  the  theory  that  the  alkali  unites  with  part  of 
the  silica  to  form  an  acid  silicate  (as  Na20.4Si02),  which  "  may  then  act  as 
a  solvent  for  the  other  base  or  bases  and  the  remaining  silica,  which  unite 
and  remain  as  silicates  in  solution."  Devitrification  is  due  to  the  separation 
of  true  crystals  of  glass  from  the  solution  in  the  silicate  of  the  alkali.  The 
hardness,  durability,  and  other  properties  of  glass  are  due  to  the  quantity  and 
nature  of  the  silicates  held  in  solution  by  the  alkali  silicate.  In  alkali-lime 
glass  the  dissolved  silicate  is  that  of  calcium,  and  in  the  best  grades  of  plate, 
window,  and  bottle  glass  the  bases  are  present  in  nearly  equal  molecular  pro- 
portions. The  effect  of  too  much  or  too  little  lime  is  also  shown.  Magnesia 
makes  the  glass  harder,  more  brilliant,  and  more  infusible.  Alumina  in- 
creases the  fusibility  and  also  the  tendency  to  devitrification.  Baryta,  lime, 
borax,  zinc,  or  magnesia  may  be  added  to  lead  glass  to  give  a  harder  and 
more  durable  glass.  Baryta  is  generally  used,  as  it  replaces  some  of  the  lead 
or  lime,  yielding  a  glass  which  clears  up  easier  than  soda-lime  glass,  and 
makes  the  lead  glass  more  durable  without  materially  altering  its  properties. 
After  considering  the  subject  of  colored  glass  and  the  chemical  problem  in- 
volved in  decolorizing  ordinary  transparent  glass  the  author  discusses  opaque 
glass,  which  owes  its  opacity  to  the  addition  of  some  white  amorphous  sub- 
stance which  is  held  in  suspension  in  the  glass.  This  is  generally  a  fluoride 
or  phosphate,  sometimes  a  stannate,  antimonate,  or  oxide.  Melts  of  opaque 
glass  when  allowed  to  stand  some  time  in  the  furnace  become  clear,  owing  to 
the  decomposition  of  the  fluoride  and  escape  of  fluorine  as  silicon  tetraflu- 
oride.  Glass  often  contains  borates,  and  when  present  in  large  quantity  these 
impart  a  slight  bluish  tint.  Arsenic  is  often  fourW  in  glass,  showing  that  it 
does  not  entirely  volatilize,  as  is  claimed  by  most  glass  makers  ;  but  alkali- 
lime  glass  seldom  contains  more  than  a  trace  of  arsenic.  The  article  con- 
tains a  few  misprints,  but,  as  a  whole,  is  very  readable  and  instructive. 

F.  H.  Thorp. 
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W.  O.  Crosby,  Abstracter. 

On  Three  New  Analyses  of  Sodalite  from  Three  New  Locali- 
ties. By  L.  McI.  Luquer  and  G.  J.  Volckening.  Am.  J.  Sci.,  49,  465- 
466.  —  The  three  localities  are  Hastings  County,  Ontario;  Ural  Mountains, 
Asia  ;  and  Congo  State,  Africa.     Following  are  the  analyses  : 


Sp.  gr. 

CI. 

SiO,. 

Na.O. 

Al,Os. 

CaO. 

KjO. 

Total. 

Ontario    .... 

2.303 

6.79 

37.34 

25.01 

31.25 

0.38 

0.74 

101.51 

6.65 

37.28 

24.74 

31.60 

0.46 

0.93 

101.66 

2.363 

6.46 

37.85 

25.43 

30.87 

0.51 

0.22 

101.34 

Oxygen  equivalents  for  chlorine  should  be  deducted  from  the  totals  as 
follows:  Ontario,  1.53;  Urals,  1.50;  Congo,  1.46. 


The  Age  and  Succession  of  the  Igneous  Rocks  of  the  Sierra 
Nevada.  By  W.  H.  Turner.  J.  Geo/.,  3,  385-414.  —  The  author  refers 
the  igneous  rocks  of  the  Sierra  Nevada  to  three  general  series:  (1)  Granite 
series;  (2)  magnesian  series;  (3)  porphyrite  and  amphibolitic  rocks.  Under 
granite,  which  forms  much  the  larger  part  of  the  range,  are  included  the 
potash-poor  granite  or  granodiorite  of  Becker,  or  tonalite  of  Vom  Rath,  and 
the  porphyritic  granite.  The  magnesian  series  comprises  serpentine,  talc, 
and  tremolite  schists,  with  some  other  associated  amphibolitic  schists,  the 
entire  series  being  derived  from  basic  igneous  rocks.  The  oldest  rocks 
encountered  in  this  study  are  the  Carboniferous  limestones  and  slates,  with 
occasional  layers  of  conglomerate.  Among  the  pebbles  of  the  conglomerate 
are  hornblende  and  mica-porphyrites  and  an  augite-syenite,  a  partial  analysis 
of  which  gave  Dr.  Stokes:  Si02,  55.45  ;  MgO,  4.11  ;  K20,  5.18;  Na20,  1.73. 
A  rock  in  place,  which  is  the  probable  source  of  these  pebbles,  gave  the  same 
analyst :  Si02,  55.04  ;  MgO,  3.41  ;  K20,  1.41  ;  Na20,  4.27.  The  Sierra  Buttes 
are  formed  of  a  fine-grained  rock  containing  abundant  porphyritic  quartzes. 
The  extremes  of  three  analyses  of  this  rock  are  :  Si02,  73.62-79.41  ;  CaO,  .09 
-2.55  ;  K20,  2.23-4.27  ;  Na20,  2.46-3.78.  The  lime  is  regarded  as  secondary 
carbonate,  and  the  rock  is  classed  with  the  quartz-porphyries,  in  spite  of  its 
low  proportion  of  potash.  Other  analyses  show  the  essential  agreement  of 
the  quartz-porphyries  ai.J  quartz-porphyrites  or  dacites.  Analyses  of  the  fol- 
lowing pre-Tertiary  igneous  rocks  are  tabulated  on  page  403  :  Porphyrite,  au- 
gitic  tuff,  melaphyre  (?),  peridotite,  diabase,  quartz-mica-diorites  (granodior- 
ites),  hornblende-mica-porphyrite,  porphyritic  granodiorite,  aplites,  diorite  (?). 
These  analyses  are  very  complete,  no  fewer  than  twenty  constituents  having 
been  determined.  Similar  analyses  of  the  following  Tertiary  igneous  rocks 
are  also  tabulated  :  Rhyolite,  older  basalt,  Table  Mountain  basalt,  hornblende- 
pyroxene-andesite,  hornblende-andesite,  late  pyroxene-andesites,  quartz-andes- 
ites,  late  doleritic  basalt.  The  rocks  are  named  in  each  series  in  the  sup- 
posed order  of  succession.  The  analyses  were  made  almost  exclusively  by 
Dr.  W.  F.  Hillebrand,  of  the  United  States  Geological  Survey. 
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Volcanic  Dust.  By  H.  J.  Harnly.  Science,  2,  77-78.  —  Describes 
briefly  a  large  deposit  of  volcanic  dust  in  central  Kansas.  It  forms  a  bed 
from  2  to  4  feet  m  thickness,  extending  over  an  area  at  least  fifteen  miles 
in  diameter.  An  analysis  by  Mr.  James  Gilbert  afforded:  Si02  and  insol. 
residue,  92.32  ;  Fe,03  +  Al203,  2.66  ;  CaO,  0.60  ;  MgO,  2.88  ;  H20,  1.22  ; 
with  traces  of  P,  C02,  CI,  Na,  K.  Under  the  microscope  it  is  found  to  con- 
sist almost  wholly  of  microscopic,  transparent  siliceous  flakes  of  various 
irregular  forms.  The  composition  suggests  to  the  abstracter  a  fine  quartz 
sand  (quartz  flour),  rather  than  any  volcanic  product,  a  conclusion  which 
would  diminish  the  difficulty  of  accounting  for  its  occurrence  in  central 
Kansas. 

On  the  Presence  of  Fluorine  as  a  Test  for  the  Fossilization 
of  Animal  Bones.  By  Thomas  Wilson.  Am.  Naturalist,  29,  301-317, 
439~456>  7 19—725.  —  This  paper,  after  the  introductory  paragraphs,  is,  for 
the  most  part,  a  translation  from  the  French  (Annates  des  Mines,  2d  Bull,  of 
1890,  155,  et  seq.)  of  a  complete  and  elaborate  investigation  by  M.  Adolphe 
Carnot ;  but  the  importance  and  interest  of  the  subject  will,  perhaps,  warrant 
a  brief  indication  of  its  main  points.  The  primary  object  of  this  investigation 
was  to  establish  a  criterion  for  determining  the  relative  antiquity  of  fossil 
bones,  and  especially  of  human  bones  found  in  prehistoric  graves,  caverns, 
etc.  The  methods  of  analysis  are  first  described,  and  then  complete  analyses 
of  modern  bones  from  twelve  different  sources  —  human,  mammalian,  and 
reptilian — are  given  to  show  their  substantial  agreement  in  composition. 
The  proportion  of  calcium  fluoride  in  all  true  and  unaltered  bones  falls,  in 
every  instance,  between  ^  and  £  per  cent.  The  proportions  of  phosphoric 
acid  and  of  fluorine  are  next  given  for  modern  bones  from  twenty  different 
sources,  including  man,  mammals,  reptiles,  birds,  and  fishes.  The  P205  is 
found  to  vary  from  about  37  to  42  per  cent.,  and  the  F  from  0.16  to  0.31  per 
cent. ;  and  the  important  fact  is  noted  that  the  ratio  of  F  to  P2Ob  is,  on  the 
average,  only  about  one  twentieth  as  great  as  in  apatite.  Numerous  analyses 
of  fossil  bones  from  various  formations  are  given  and  quoted  to  show  the 
general  character  of  the  changes  involved  in  fossilization,  the  most  impor- 
tant being  diminution  of  organic  matter,  diminution  of  phosphate,  and  increase 
of  carbonate  of  calcium  and  increase  of  fluorine  ;  and  the  latter  is  found  to 
be  decidedly  the  most  reliable  indication  of  antiquity.  This  principle  is  then 
tested  by  all  extended  series  of  analyses  grouped  in  chronological  order,  and 
showing  in  each  case,  besides  the  organic  matter  and  iron  oxide,  the  propor- 
tions of  P2Od  and  F,  the  proportion  of  F  which  apatite  having  an  equal 
amount  of  P205  would  contain,  and  the  ratio  of  the  F  in  bones  to  that  in  an 
equivalent  quantity  of  apatite.  This  ratio  is  made  the  real  point  of  distinc- 
tion, and,  in  spite  of  minor  irregularities,  it  exhibits  a  good  gradation  as  we 
pass  backward  in  time  from  the  Quaternary  to  the  Silurian  fossils.  The 
averages  for  each  formation  are  as  follows :  Modern,  .058 ;  Quaternary,  .36 ; 
Pliocene,  .58;  Miocene,  .61;  Oligocene,  .59;  Eocene,  .70;  Cretaceous,  .92; 
Jurassic,  .91;  Triassic,  .89;  Permian,  1.06;  Devonian,  .98;  Silurian,  .94. 
The  averages  for  the  geologic  eras  show  a  more  perfect  gradation  and  indi- 
cate the  extent  to  which  this  criterion  can  be  used  with  confidence  :  Modern, 
.058 ;  Quaternary,  .360 ;  Tertiary,  .620 ;  Mesozoic,  .907  ;  Paleozoic,  .993  ; 
normal  apatite,  1.000.  The  cause  of  the  increase  of  fluorine  in  fossil  bones 
is  found  in  the  fixation  of  the  fluorides  dissolved  in  percolatng  waters.  The 
synthesis  of  apatite  at  high  temperatures  is  well  known  ;  but  Carnot's  exper- 
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iments  prove  that  the  affinity  of  calcium  phosphate  for  calcium  fluoride  leads 
to  the  formation  of  apatite  in  the  wet  way  also,  and  the  fixation  of  F  con- 
tinues until  the  proportion  found  in  apatite  is  reached.  To  further  substanti- 
ate this  explanation  analyses  are  cited  to  show  that  F  is  very  generally  present 
in  natural  waters.  The  paper  closes  with  a  practical  application  of  Carnot's 
principle.  A  human  bone  was  found  with  bones  of  the  Mylodon  and  sev- 
eral other  extinct  animals  at  Natchez,  Mississippi,  under  conditions  which  left 
room  to  doubt  whether  the  man  was  really  a  contemporary  of  these  animals. 
Analyses  were  therefore  made  according  to  Carnot's  method,  by  R.  L.  Pack- 
ard, of  the  human  bone  and  bones  of  the  Mylodon.  The  definitive  ratio  was 
found  to  be  .12  for  the  Mylodon  and  .20  for  the  human  bone.  This  proves 
them  to  be  approximately  coeval  and  to  belong  to  a  period  between  the  pres- 
ent and  Quaternary. 

On  Some  Dikes  Containing  Huronite.  By  A.  E.  Barlow.  The 
Ottawa  Naturalist,  9,  25-47.  —  This  mineral,  which  occurs  as  porphyritic 
crystals  in  diabase  dikes  and  bowlders  at  many  points  in  the  part  of  Ontario 
adjacent  to  Lakes  Huron  and  Superior,  has  been  variously  described  and 
classified  by  previous  writers,  but  it  is  now  found  to  originate  in  the  altera- 
tion of  a.  basic  plagioclase  (Iabradorite)  and  to  be  closely  related  to  saussurite. 
One  of  the  least  altered  of  the  Iabradorite  phenocrysts,  of  sp.  gr.  2.679,  was 
analyzed  by  Dr.  B.  J.  Harrington,  of  McGill  University,  with  the  following 
result:  Si02,  54.19;  A1203,  28.42;  Fe2Os,  0.77;  FeO,  0.41;  MnO,  trace; 
CaO,  10.47;  MgO  0-52;  Na20,  4.47;  K»0,  0.63;  loss  on  ignition,  0.59  = 
100.47.  A  typical  example  of  the  Huronite  gave  N.  N.  Evans,  of  McGill 
University:  Si02,  47-07;  A1203,  32.49;  Fe2Os,  0.97;  CaO,  13.30;  MgO, 
0.22;  K20,  2.88;  Na20,  2.03;  loss  on  ignition,  2.72  =  101.68. 

On  Lawsonite,  a  New  Rock-forming  Mineral  from  the  Tiburon 
Peninsula,  Marin  County,  California.  By  F.  Leslie  Ransome.  Bull. 
Dept.  of  Geol.  Univ.  of  Cat.,  1,  301-312.  —  This  new  species  is  a  light-colored 
orthorhombic  hydrous  subsilicate  of  aluminum  and  calcium,  occurring  abun- 
dantly in  a  crystalline  schist  and  in  veins  of  margarite  traversing  the  schist. 
The  crystallographic  and  optical  properties  are  described  at  some  length. 
Two  analyses  are  then  given  ;  the  molecular  ratios  are  calculated  from  these, 
and  the  following  theoretical  composition  is  deduced  from  the  formula  thus 
obtained:  SiO»,  38.09;  A120„  -f-  Fe2Os,  32.69;  CaO,  17.77;  H20,  11.45  = 
100.00.  The  water  is  undoubtedly  constitutional,  as  the  loss  at  a  temper- 
ature of  225°  C.  was  only  a  little  over  o.  1  per  cent.  The  following  is  sug- 
gested as  the  probable  structural  formula  : 

(H0)2  =  Al  —  SiOs  —  Ca  —  SiOs  —  M  =  (H0)2. 

On  Analcite  Diabase  from  San  Luis  Obispo  County,  California. 
By  Harold  W.  Fairbanks.  Bull.  Dept.  of  Geol.  Univ.  of  Cal.,  1,  273-300.  — 
This  paper  describes  three  quite  widely  separated  occurrences,  in  dike  form, 
of  a  rock  related  to  theralite  or  teschenite,  but  provisionally  called  diabase, 
and  characterized  by  a  large  percentage  of  secondary  analcite.  An  analysis 
of  one  of  the  dikes  by  V.  Lenher  gave  :  Si02,  50.55  ;  Al2Os,  20.48  ;  Fe2Os,  2.66  ; 
FeO,  4.02;  CaO,  7.30;  MgO,  4.24;  K20,  2.27;  Na20,  8.37  ;  H20,  .44;  CI, 
trace  —  100.33.  Analyses  of  a  typical  teschenite,  a  theralite,  and  a  plagio- 
clastic  elaeolite  syenite  are  quoted  for  comparison. 
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Notes  on  Minnesota  Minerals.  By  Charles  P.  Berkey.  Twenty- 
third  Annual  Report  of  the  Geol.  and  Nat.  Hist.  Survey  of  Minnesota,  for  1894, 
194-202.  —  An  analysis  of  the  amygdaloidal  diabase  of  Grand  Marais 
afforded:  SiO,,  55.40;  AI208,  22.55;  Fe203,  14.67;  FeO,  3.75;  MgO,  .74; 
CaO,  1. 41  ;  HeO,  .97  =  99.49.  Three  minerals  found  in  this  rock  were  also 
analyzed,  as  follows:  Apophyllite — Si02,  52.61;  A1„03,  .67;  Fe203,  trace; 
CaO,  25.22;  MgO,  .17;  K,0,  3.03;  Na.O,  1.71;  HF,  trace;  H26,  16.17  = 
99.58.  The  A]203  and  Fe,03  are  probably  due  to  minute  needles  of  lau- 
montite.  Laumontite  —  Si02,  53.87;  Al2Os,  18.06;  Fe203,  .88;  CaO,  11. 19; 
MgO,  .45  ;  K,,0,  .29;  Na20,  .67;  H20,  13.18  =  98.59.  Strigovite,  a  green, 
chloritic  mineral  —  Si02,  13.14;  Al2Os,  13.22;  Fe203,  24.20;  FeO,  12.19; 
CaO,  1.50;  MgO,  3.49;  H20,  12.34=100.08.  A  compact,  nodular  form  of 
datolite  gave:  Si02,  36.90;  A1203  and  Fe2Oa,  1.51;  CaO,  35.67;  B20„  by 
difference,  20.32;  H20,  5.601=100.00.  Two  analyses  of  travertine  are  given' 
—  one  derived  from  a  limestone  at  Minneapolis,  and  the  other  derived  from 
a  typical  dolomite  near  Osceola,  Wisconsin  : 

From  limestone  — CaCOs,  98.01;    MgCOa,  1.44=99.45. 
From    dolomite  — CaCOs,  98.20;    MgCO,,  1.75  =  99.95. 

These  facts  are  supposed  to  have  a  bearing  upon  the  derivation  of  dolomite 
from  limestone.  —  A  shell  marl  from  a  slough  at  Fergus  Falls  gave:  Insol., 
largely  SiOo,  4.010;  A1.,03  -{-  Fe208,  1.160;  CaC03,  89.744;  MgC03,  4.480; 
Ca3P2Os,  .275  ;  loss  and  organic  matter,  .333  =  100.  The  same  report  also 
contains  (203-214)  analyses  of  the  following  substances:  Pyroxene,  from  an 
augite-soda  granite  ;  native  copper;  iron  ore,  from  the  Mesabi  Range ;  green 
felsite  ;  anorthite,  from  a  cave  near  Splitrock  Point,  L.  S. ;  supposed  bog  man- 
ganese (really  peat);  mineral  water,  from  a  well  500  feet  deep  at  St.  James; 
augite-soda  granite;  anorthoclase,  from  the  augite-soda  granite;  hornblende 
porphyrite ;  the  Winnebago  meteorite,  taken  as  a  whole ;  the  iron  of  the 
meteorite;  the  rounded  pellets  of  the  meteorite ;  quartz  porphyry ;  Saganaga 
granite;  fine-grained  gabbro,  or  "  muscovado  ;  "  taconite  (sideritic  chert);  sil- 
ica-kaolin ;  glauconite. 


'  ©* 


Lead  and  Zinc  Deposits  of  Missouri.  By  Arthur  Winslow,  as- 
sisted by  James  I).  Robertson.  Reports  Missouri  Geol.  Survey,  1894,  6  and  7, 
2 1  +763.  This  voluminous  and  finely  illustrated  report  is  in  reality  a  com- 
plete account  of  the  history,  compounds,  modes  of  occurrence,  distribution, 
and  industry  of  lead  and  zinc  throughout  the  world,  the  object  of  the  authors 
having  been  to  make  this  a  general  work  of  reference  on  lead  and  zinc,  with 
Missouri  as  a  center.  The  original  chemical  contributions  are  found  in  the 
second  volume  (VII),  and  chiefly  in  the  chapter  on  the  composition  and. ori- 
gin of  the  Missouri  deposits  (pp.  441-487).  Among  the  gangue  materials  or 
matrices  of  the  ores  analyses  are  given  of  the  so-called  tallow  clays  and  the 
secondary  cherts.  The  former  are  very  characteristic,  and  may  be  regarded 
as,  essentially,  intimate  mixtures  of  highly  ferruginous  kaolin  and  silicate  of 
zinc.  The  proportion  of  zinc  oxide  is  commonly  from  20  to  40  per  cent.,  the 
highest  value  given  being  56.12  per  cent.  The  secondary  cherts,  which  repre- 
sent a  general  silicification  of  the  deposits  subsequently  to  the  formation  of 
the  ores,  are  composed  principally  of  amorphous,  chalcedonic  silica,  with 
small  proportions  of  metallic  oxides  and  residuary  carbonates  of  calcium 
and  magnesium.  Passing  to  the  ores,  there  are  numerous  complete  analyses 
of  sphalerites,  calamines,  smithsonites,  galenites,  and  cerussites.     It  is  inter- 
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esting  to  note  that  many  of  the  sphalerites  are  cadmiferous,  as  might  be 
inferred  from  the  frequent  coating  of  greenockite,  and  that  the  galenites  run 
very  low  in  silver,  the  highest  determination  being  4  ounces  per  ton.  There 
are  also  analyses  of  the  superbly  crystallized  calcites  and  the  abundant  ba- 
rites.  —  In  the  discussion  of  the  origin  of  the  ore  bodies  Mr.  Winslow  accepts 
the  view  that  the  component  minerals,  including  the  ores,  have  been  derived 
chiefly  from  the  inclosing  and  overlying  rocks,  and  not  from  a  great  depth  in 
the  earth.  To  place  on  a  firm  foundation  the  fundamental  proposition  that 
the  country  rocks  are  a  possible  source  of  the  ores,  several  series  of  analyses 
of  the  Missouri  rocks  were  made  with  great  care  by  Mr.  Robertson.  It  was 
thus  proved  that  the  Archaean  rocks,  including  granites,  porphyry,  and  diabase, 
contain  in  every  instance  appreciable  proportions  of  lead,  zinc,  copper,  and 
manganese,  besides  barium  sulphate.  The  same  is  substantially  true  of  the 
Silurian  magnesian  limestones  and  of  the  Carboniferous  limestones,  although 
in  some  cases  the  samples  were  taken  at  points  far  removed  from  any  known 
ore  deposits.  The  proportions  of  the  various  metals  removed  from  pulverized 
samples  of  the  rocks  in  a  given  time  by  different  solvents  were  also  deter- 
mined. Averaging  the  metalliferous  contents  of  the  limestones,  we  obtain  the 
following  results : 

0.001009  per  cent,  metallic  lead  =  0.00117  per  cent,  galena  (PbS). 
0.00239    per  cent,  metallic  zinc  =  0-00359  per  cent,  blende  (ZnS). 

This  is  equivalent  to  0.00198  pound  of  galena  to  1  cubic  foot  of  rock,  and 
0.00603  pound  of  blende.     From  this  the  contents  of  different  areas  are  as 

follows : 

S7.0  pounds  of  galena  per  acre  1  foot  thick. 
27.8  tons  of  galena  per  square  mile  1  foot  thick. 
13,900.0  tons  of  galena  per  square  mile  500  feet  thick. 
261.0  pounds  of  blende  per  acre  1  foot  thick. 
83.6  tons  of  blende  per  square  mile  1  foot  thick. 
41,500.0  tons  of  blende  per  square  mile  500  feet  thick. 

In  other  words,  the  metalliferous  contents  of  500  feet  of  limestones  covering 
about  3  square  miles  is  equal  to  the  annual  production  of  lead  and  zinc  ores 
in  Missouri,  and  it  thus  appears  that  the  country  rocks  are  an  ample  source 
of  the  metals  in  the  ore  deposits.  —  The  report  closes  with  an  appendix,  by 
Dr.  E.  O.  Hovey,  on  the  cherts  of  Missouri.  The  examinations  were  both 
chemical  and  petrographic,  and  the  conclusion  is  drawn  from  the  twenty- 
three  analyses  that  the  cherts  consist  essentially  of  chalcedonic  silica,  with 
only  traces  of  opal  or  amorphous  silica,  the  silica  being,  in  general,  quite 
insoluble  in  caustic  potash. 

Clay  Industries  of  New  York.  By  Heinrich  Ries.  Bull.  N.  Y. 
State  Museum,  3,  97-262.  —  This  is  a  comprehensive  account  of  the  clay 
deposits  of  the  State  and  their  products.  In  general,  the  detailed  descrip 
tion  of  each  deposit  is  accompanied  by  one  or  more  chemical  analyses,  but 
these  are  not  tabulated  or  compared,  so  as  to  develop  any  facts  of  special 
interest  which  they  might  exhibit. 

Preliminary  Report  on  the  Geology  of  a  Portion  of  Central 
Ontario  Situated  in  the  Counties  of  Victoria,  Petersborough,  and 
Hastings,  together  with  the  Results  of  an  Examination  of  Certain 
Ore  Deposits  Occurring  in  the  Region.  By  Frank  D.  Adams.  Geol. 
Survey  of  Canada,  Annual  Report  far  j8g2-gj,  6,  1-15  J.  —  This  report  in- 
cludes several  analyses  of  iron  ore,  and  some  half  dozen  assays  of  pyrite  and 
pyrrhotite  for  gold,  silver,  and  nickel,  with  uniformly  negative  results. 
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THE  AMERICAN  COLLEGE  AS  A    MORAL   FORCE} 

By  WILLIAM   T.  SEDGWICK,  Ph.D. 

Fifty  years  ago  all  American  colleges  were  very  much  alike. 
Yale,  Harvard,  Princeton,  Brown,  Bowdoin,  Dartmouth,  Amherst, 
and  Williams,  might  almost  have  been  cast  in  the  same  mould.  As 
far  as  I  know,  the  only  notable  exception  was  the  University  of 
Virginia,  in  which  the  elective  system  already  prevailed  and  which 
in  many  other  points  more  nearly  resembled  the  modern  university. 
At  that  time  American  life,  also,  was  more  of  a  unit.  Society  was 
less  differentiated  than  now,  more  homogeneous.  Fifty  years  ago, 
therefore,  it  would  have  been  comparatively  easy  to  measure  the 
American  college  as  a  moral  force.  But  to  do  this  to-day  is  compar- 
atively difficult  because,  in  the  first  place,  there  is  now  no  stereotyped 
form  of  the  American  college,  while,  at  the  same  time,  American  life 
and  society,  upon  which  our  higher  institutions  act,  and  by  which  they, 
in  their  turn,  are  acted  upon,  have  undergone  great  differentiation. 

The  last  half  of  the  present  century  has  been  a  period  of  tran- 
sition, and  we  hope  and  believe  a  period  of  progress  also,  both 
in  society  and  in  education.     There  have  been  in  both  an  immense 
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material  development  and  a  prevalence  of  the  scientific  and  industrial 
spirit ;  there  has  been  a  wonderful  growth  of  urban  and  suburban  life, 
and  a  relative  decline  of  rural  living ;  there  have  arisen  areas  of  con- 
gested population  which  have  acted  like  powerful  electro-magnets, 
drawing  to  themselves,  subtly  but  surely,  the  best  life  of  the  country 
districts,  and  nourishing  themselves,  as  statisticians  tell  us,  mainly 
upon  rural  blood.  The  flooding  tide  of  immigration  has  cast  upon  our 
shores  a  horde  of  aliens.  The  railroad,  the  telegraph,  the  telephone, 
the  newspaper,  the  magazine,  have  done  much  to  unify,  but  also  much 
to  differentiate.  Wealth  and  power  and  privilege  have  increased,  and 
with  these  have  come  luxury  and  laxity,  greed  and  envy,  hatred  and 
malice,  as  well  as  organized  philanthropy  struggling  with  pauperism 
and  crime. 

Meanwhile  the  American  college  has  likewise  suffered  change  and 
differentiation.  It  is  no  longer  cast  in  one  mould.  If  we  would  speak 
of  the  American  colleges  of  to-day  we  must  understand  by  that  term 
all  our  institutions  of  higher  education.  We  must  include  the  modern 
"colleges" — which  are  very  different  from  the  colleges  of  fifty  years 
ago ;  universities,  both  real  and  so-called ;  professional  colleges,  law, 
medical,  and  theological,  which  have  also  undergone  great  changes ; 
and,  finally,  we  must  include  a  new  order  of  colleges,  largely  profes- 
sional in  aim  but  more  or  less  liberal  in  education  —  the  scientific  or 
technical,  schools  or  colleges.  Moreover,  we  shall  find  the  American 
colleges  of  to-day  far  more  numerous,  richer,  much  more  differentiated. 
Answering  to  a  more  complex  social  order  they  are  themselves  more 
complex.  It  is  plain  that  any  one  who  seeks  to  estimate  their  influence 
as  moral  forces  in  the  modern  community  confronts  a  problem  of  no 
ordinary  kind.  And  yet  the  problem,  difficult  as  it  is,  is  more  pressing 
to-day  than  ever  before.  More  is  constantly  expected  of  education. 
Less  is  done  in  the  home.  Parents,  for  the  sake  of  business  or  pleas- 
ure, are  seeking  to  shift  more  of  the  responsibility  of  moral  training 
upon  schools  and  colleges ;  while  these,  and  especially  the  latter,  are 
refusing  to  stand  even  as  much  as  they  formerly  did  in  loco  parentis. 
Meantime  the  church  seems  to  be  losing  something  of  its  hold,  and 
the  result  is,  or  is  likely  to  be,  unless  the  danger  is  realized,  that  along 
with  increase  in  opportunity,  in  comfort  and  in  wealth,  there  shall  go, 
hand  in  hand,  insidious  moral  decadence  among  the  people.  It  would 
be  going  too  far  to  say  that  there  never  was  a  time  when  common 
every-day  morality,  justice,  and  respect  for  the  rights  of  others  more 
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needed  to  be  insisted  upon.  But  that  unrest  of  the  age  which  is  so 
marked  a  feature  of  it  shows  plainly  enough  that  loose  ideas  and  looser 
actions  may  spring  up  and  grow  like  weeds  in  the  midst  of  a  fair 
civilization.  Happy  shall  we  be  if  they  do  not  mar  or  choke  it.  In 
the  face  of  occasional  widespread  and  outspoken  defiance  of  the  first 
principles  of  law  and  order  we  may  well  ask,  How  stand,  as  moral 
.forces,  our  higher  institutions  of  education  ? 

I  have  been  summoned  here  to  answer  especially  for  our  newest 
colleges  —  the  scientific  and  technical  schools  —  and  to  testify  how 
these  stand  as  factors  of  morality  in  modern  life,  and  I  have  gladly 
accepted  the  summons. 

The  scientific  and  technical  colleges  of  the  United  States  have 
grown  up  in  response  to  the  claims  which  our  complex  modern  life 
is  making  upon  education  —  claims  to  which  the  older  colleges  for  a 
time  were  deaf,  but  to  which  most  of  them  are  now  intently  listening. 
They  have  all  arisen  (with  one  exception)  since  the  middle  of  this  cen- 
tury. They  are  attracting  thousands  of  students,  and  already  graduate 
hundreds  every  year.  In  many  families  from  which  the  sons  formerly 
went  without  a  question  to  the  old-fashioned  college  it  is  now  anx- 
iously debated  whether  they  shall  go  to  the  old  college  or  the  new. 
Either  apart  from  or  attached  to  modern  colleges  or  universities  these 
new  institutions  are  already  active  and  successful  competitors  with  the 
modern  colleges  and  the  academic  departments  of  universities. 

In  two  important  respects  most  scientific  and  technical  colleges 
depart  very  widely  from  the  old-fashioned  American  college  of  fifty 
years  ago,  namely,  in  neither  requiring  nor  offering  religious  exercises, 
and  in  refusing  altogether  to  stand  in  loco  parentis.  To  some,  there- 
fore, it  may  seem  that,  so  much  having  been  admitted,  the  case  is 
closed  ;  that  by  these  conditions  the  moral  force  of  these  colleges 
must  be  reduced  to  zero.  It  will  not  do,  however,  for  any  one  to 
come  to  this  conclusion  unless  he  is  ready  to  go  further  and  concede 
that  the  general  tendency  of  all  educational  institutions  of  the  higher 
grade  to  move  towards,  if  not  into,  the  same  position  in  these  respects 
means  a  decline  in  their  moral  influence ;  in  which  case  he  will  be 
driven  to  conclude  that  things  are  in  a  bad  way  among  the  higher 
institutions  of  education  generally.  We  may  rather  infer  that  these 
fundamental  characteristics  are  tendencies  of  the  time  which  found 
their  first,  as  they  find  their  fullest,  expression  in  scientific  and  tech- 
nical colleges  —  tendencies  towards  which  all  other  higher  institutions 


216  William    T.    Sedgwick. 

have  been  slowly  advancing ;  and  however  much  these  tendencies  may 
be  deplored  by  some  it  is  doubtful  if  they  can  be  successfully  resisted. 

The  scientific  and  technical  schools  and  colleges  serve,  perhaps  even 
more  powerfully  than  any  others  in  the  community,  as  moral  forces 
of  the  highest  order,  largely  because  they  make  performance  rather 
than  precept  the  goal  of  instruction  and  the  measure  of  success.  The 
moral  influence  of  any  college  does  not  consist  chiefly,  or  even  largely, 
in  the  precepts  which  it  offers,  but  in  the  practices  which  it  fosters  or 
allows,  the  degree  of  truth,  honesty,  and  candor  which  it  insists  upon, 
the  industry  and  persistence  which  it  requires,  and  the  examples  which 
it  maintains  or  commends  of  plain  living  and  right  as  well  as  high  think- 
ing. The  colleges  with  which  we  are  dealing  have  thus  far  been  favored 
in  their  raw  material  by  a  kind  of  natural  selection.  They  have  been 
hitherto  resorted  to,  mainly,  by  those  of  a  somewhat  more  serious  dis- 
position than  that  of  many  who  prefer  the  older  colleges.  Hence  they 
have  had  a  favorable  moral  atmosphere  in  their  students.  They  have 
also  a  fortunate  reputation  for  hard  work.  They  are  not  much  given 
to  mere  sport.  They  appeal  especially  to  boys  who  are  in  earnest,  and 
upon  such  material  it  is  comparatively  easy  to  exert  moral  influences 
with  success. 

In  the  second  place,  these  institutions  are  based  firmly  upon  the 
elective  system,  although  the  election  is  almost  always  of  a  line  of 
work,  and  rarely  of  particular  studies  —  prescription  of  the  latter  being 
resigned  to  the  wiser  judgment  of  their  instructors.  From  the  time 
when  he  decides  to  enter  one  of  these  colleges  the  inevitable  necessity 
of  selection  of  his  general  line  of  work  for  life  confronts  the  student 
and  tends  to  make  him  serious.  Although  not  wholly  unalterable,  his 
choice,  generally  speaking,  is  alterable  only  at  the  cost  of  time  and 
money.  In  the  system  of  elective  studies,  on  the  other  hand,  the 
penalty  of  error  is  less  severe,  and  hence  the  act  of  choosing  is  less 
serious.  Once  embarked  on  his  profession  the  student  finds  that  the 
end  there  regarded  as  indispensable,  namely,  skill  or  proficiency,  is  to 
be  gained  only  by  close  clinging  to  the  ways  of  truth,  which  are  always 
accompanied  by  hard  and  unremitting  toil ;  and  the  moral  value  of  the 
effort  required  for  this  consists  not  only  in  the  positive  effect  of  good 
deeds  done,  but  also  in  the  negative  effect,  nowadays  far  too  little 
regarded,  which  precludes  that  condition  in  which  "  Satan  finds  some 
mischief  still  for  idle  hands  to  do."  It  has  been  alleged  that  scientific 
colleges  even  go  to  an  extreme  in  this  particular,  and  this  may  occa- 
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sionally  be  true,  but  if  it  is  no  one  will  deny  that  occasional  excess  in 
good  deeds  is  better  than  excess  in  idleness. 

Besides  all  this,  there  is  much  in  the  nature  of  the  subjects  chiefly 
pursued,  and  in  the  methods  of  pursuing  them,  in  these  colleges,  which 
possesses  high  moral  value.  Science  deals  with  nature  and  the  laws 
of  nature.  It  does  not  refuse  to  deal  even  with  human  nature,  but  it 
begins  with  the  external  world,  and  finds  there  so  much  to  learn  that 
it  cheerfully  postpones,  for  the  most  part,  the  more  difficult  subject. 
Now  nature  is  not  only  "the  dear  old  Nurse"  of  Longfellow  and 
Agassiz,  but  also  the  most  rigid  of  disciplinarians  and  the  most  ex- 
acting of  teachers.  With  her  obedience,  punctuality,  devotion,  pains- 
taking, and  persistence  in  truth  and  in  right-doing  are  absolutely  in- 
dispensable. Accuracy  is  truthfulness  ;  inaccuracy  is  virtual  falsehood. 
Persistency  is  a  species  of  devotion.  The  love  of  truth  is  one  of  the 
very  highest  and  noblest  forms  of  reverence  and  worship,  and  the  prac- 
tice of  the  truth  is  honesty.  Nature  has  no  room  for  sophistry,  no 
place  for  those  who  would  put  bitter  for  sweet  or  sweet  for  bitter. 
In  making  a  chemical  analysis  or  a  physical  measurement,  in  testing 
the  strength  of  materials  or  separating  a  metal  from  its  ore,  in  build- 
ing a  bridge  or  constructing  an  architectural  monument,  in  purifying 
a  water  supply  or  computing  the  buoyancy  of  a  vessel,  constant 
devotion  and  obedience  must  be  had  to  certain  inflexible  natural 
laws.  An  error  may  mean  total  failure  and  the  loss  of  many  human 
lives.  Nature  has  fixed  certain  bounds  which  cannot  be  passed  with- 
out penalty  ;  has  provided  specifications  which  must  be  fulfilled  to  the 
uttermost.  Nature  —  not  man  —  is  the  real  teacher,  the  head  mas- 
ter, in  every  department  of  a  scientific  or  technical  school. 

Finally,  the  scientific  or  technical  colleges  exert  a  powerful  moral 
force  in  refusing  to  graduate  those  who  have  been  faithless  or  idle. 
They  cannot  afford  to  graduate  tbem,  for  indolence  and  dissipation  and 
neglectfulness  will  not  enable  their  graduates  to  build  safe  bridges,  or 
roofs,  or  make  accurate  and  trustworthy  analyses  or  estimates.  One 
of  the  gravest  educational  sins  of  our  day  —  and  of  any  day  —  is  the 
granting  of  degrees,  as  certificates  of  proficiency,  to  all  who  have 
spent  a  prescribed  time  in  college  residence  and  have  fulfilled  more 
or  less  well  certain  easy  minimum  requirements.  By  thus  consenting 
to  a  low  standard  of  industry  and  scholarship  some  of  our  colleges  and 
universities  are  simply  aiding  and  abetting  a  dangerous  laxity  of  moral 
discipline. 
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Scientific  or  technical  colleges  are  by  no  means  without  their  de- 
fects. They  do  not  at  present,  to  any  great  extent,  inculcate  altru- 
ism ;  and  in  these  days,  when  individual  and  multiple-individual  or 
corporate  rights  are  menaced  by  an  overweening  socialism,  this  is,  per- 
haps, well.  For  the  present  they  look  to  the  home  and  to  the  lower 
schools  for  teaching  in  altruism,  and  also  for  specific  guidance  in 
"morality  touched  with  emotion." 

In  my  judgment  the  American  college,  of  whatever  kind,  and  how- 
ever imperfect  in  its  moral  discipline,  on  the  whole  makes  strongly  for 
righteousness.  Its  professors  are  still,  as  of  old,  with  few  exceptions, 
given  to  plain  living  and  high  thinking.  If  it  seeks  to  stand  in  loco 
parentis  it  will  be  found  morally  wanting.  If  it  encourages  indolence, 
or  luxury,  or  dissipation,  or  the  dilettante,  it  will  fail.  So,  also,  will  it 
fail  if  it  surrenders  itself  to  the  adoration  of  muscle.  Mental  fiber  is 
better  than  muscular  fiber ;  but  the  best  of  all  is  moral  fiber. 
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Column  Tests. 


The  timber  used  in  these  tests  was  purchased  at  Boston  lumber 
yards,  and  was  of  fair  average  quality,  such  as  is  ordinarily  sold  for 
building  purposes,  all  being  fairly  well  seasoned. 

The  tests  were  all  made  on  the  300,000-pound  Emery  testing 
machine. 


MEA8URINQ  APPA-RATU8 

FOR 

WOODEN  COLUMNS 

MASS.  INST.  TECH. 

Fig.  1. 

The  decrease  in  a  gauged  length  of  either  50  or  100  inches,  under 
different  loads,  was  measured  on  two  opposite  sides  and  averaged. 

The  apparatus  used  for  this  purpose  is  shown  (on  the  forward  side) 
in  Figure  1,  all  of  it,  except  the  micrometer,  being  fastened  to  the  col- 
umn, while  that  is  held  in  the  hand  of  the  observer. 


220      Results  of  Tests  Made  in  the  Engineering  Laboratories. 


o 

13 


tu 

43 


O 

u 


<U 

43 


d 
_o 

V» 
o 

<U 

q3 

<u 

13 

<u 
J2 


<U 

E 

tU 
tn 

O 


13 
(U 

o 


tn 

a 

(U 

£ 

43 


I 

o 

o 
in 


3 
o 

1) 
H 


<U    ^ 

43      >2 


en 
13 
|3 
3 

o 

43 


13  O 

tu    13     > 


a 
o 

o 

43 


43 
U 


rt 

.3  13 

in     <U  tu 

rt    43  4<! 

fe  O 

'       IO  Bl 


43  jj"     C 


jy  13 


13 
(U 

-J 

c 


O     1) 


d 
o 


-j 

43 


*-> 

43 
O 


•J 
U 

a 

tu 

43 


10      r-, 

B   "0 


o 

— 


43 
u 


13 

d 

v 


tu 

43 


1) 
43  43 
o     +-> 

cs 

tU    'w 


no 

13    'tn 
V 


V 

o 

(U 


C 

c 


04 

s 

u 


u  .2 

1)  4-> 

33  <33 

cu 

tu  T3 
U    43 

•°  ^  s 


a 
'3 
E 


bo 
i3 

<u 
> 


a 
O, 
ai 

a, 

d 
o 

•4-1 
U 


«   h 


-a 

tu     tn 


*j     to     to 


T3 


43 
O 


p     «   _     a! 

»-     n     ,r* 


O 


TO      O      O 

€»  '**  -a 

">     43      fe 
5      d    m_, 

S.JJ.  °. 

eft 


eft 

Cft       -4-J 

IS 
o 


►       I 

tn    £ 

C     tn 
'C  43 

S 

r-       en 


C    13 
ctf     C 


o  <u 

3  O 

tu  tn 

4<!  rg 

S  a3 

_  13 


U 


-J 
2     rt 


c\ 


o     4-T 

tu     tn 


O  C 

°  .3 

*h  '& 
o 

tn  n 

tu  •" 

'H,  ? 

O  tu 

^  3 


o 


i- 
S 


u        ^    5 


c 

o 

u 

tu 
nd 

u 


tn   f—i 

<u  ^ 


■5   S 

sr.l 

.5  u 
So 

>-  43 
tu  -J3 
> 


y, 
9 
o 

0 
u 

w 
u 

(0 

o 

V. 

c 

M 

tn 
cr. 
W 

a. 

IS 
o 
u 


O    bC  _ 


tn 


bo   ^ 

c   o   «   e 
iJ  fe  =5   rt 


«     4^ 


13 

d 


bO 
*,    .S 

<u    tu    *-■ 
3 


"     tn 


O    , 

a, 


■XiptjsE^a  jo  sn^n 

-pom  ps'uEO  XjUOlUUIOD 
UIHJJS  OJ  SS3JJS  }0  OIJE"iI 


P  tn 


iPi 


.5     ■o.S-.g 

Ij'l" 


?  =  c  S  c 

C    C    K    C    =. 

c  .2  o  c  *— 


8888885.8888^=8 

CO  vO    ro-30    N    N    ir>  C71  ^«  (**  ^  W    ") 


I   fl  >o   i/1  ♦  c 


-  t-)  «  00  oc 


-  O  u-i  -»    t-^  f«   ift\D    I 


8888888888 


■apis 


•cajE  iBuoijaag 


OOQ    0    t-%-*"    -    Mn«0    C> 
mNO    0    r^OO    Nm  0    ^-CO    C  O 


e  fi  w  5  9  **  0   0«Nf*O'^'*J 

.SOmOOOO^COOOOO 


9^9  9  9  "1*^0  i-}r*lr*}  ir.^  i 
c0000«-O~--  r-x  i 
**o6cc  d  Ood  «  etooocoo  r^^ 


Q 

"  "      "  " 

9   ""iQ    C    M  O  CO   MWwi  iricc   i« 
jiOWOO-OOO----    t-^CC    N 

^i  00  00    0    O  00  00    t^ 00  00  00    t>.t>.00 

■qjSuaj  a3n«Q 


■jqSia^V 


•ai«a 


*"    N    N  Ul  mvO  CO  OO    N    O    MO^    O 


00    —    r^»«l^-0\C- 


•jsa;  30  -oj^ 


1  m  ^-  i/i\D  r>.oo  0s  O  «  1 


Results  of  Tests  Made  in  the  Engineering  Laboratories. 


22i 


I 


en 
55 

S 
& 
>J 

0 
u 

w 
G 
O 

o 


u,     CO 
0    A 

r"1      M 


c 

s 

s. 


■II  puB 
9  suuinjOD  jo  uE3j^ 


•II    pUB   S 

S    SUUII1{03    JO    UKSJ\ 


•OI    pUE    > 
>•   SUUin[OD    JO    UE3J^ 


.  -       .  o 

-  o 

■s 

•    0 

•  t-.       o* 

.    .         •  •*» 

•  o 

•  «o 

:f 

:?     : 

•aewiasqv 


•  «o       *oo       •  o       *  « 


•SSlEUIpiQ 


:-8     :i     :g 


•  O         t  **         •  *n      *o 


38EJ3AE 


'Suipeaj  aSe-MAy 


•oo        -oo 


«2u  t 
-pea j  j3J3uiojdi[^ 


t-«  is,      nB  \0        mm 

0090         OO  OO         0000         000 


■>  f*>         MM 


•spunod  'spwrj 


'■■JJIfU 


taiBuipjo 


•sSeidAE 

U93M19<1  d3U»13g!Q 


SuipEai  aSEJSAy 


o       •  o       *  o       "o       '  o 


:g 


•«8ul 

-pB3J   J313tUOJ3t[^ 


*<8 

00  00 


OO  OO         0000 


•spunod  *«pEoq 


1st 


S3    C  *" 

5    c    i> 


■o  «  s 

re    ir    *. 


II 
I  |    I 


£     . 


o     S 
„      3 


o-S3 


222      Results  of  Tests  Made  in  the  Engineering  Laboratories. 


t 

TO 

d 

N 

u 

13 
S 

B 
0 


co 
% 

& 

►J 

o 
u 

W 
P 

o 

o 


fa 
o 

en 
H 
w 

W 
H 


-fi 


CO 


•ri  pUB 
9  suuin[OD  jo  UE3J^ 


'II  pUK 

5  suuin[03  jo  ueaj^ 


•oi  puB 

*■  SUUinpO    JO    UE3J^ 


•Ksspsqy 


-sajBuipjQ 


*33BJ3AE 

uaa.vuaq  aouaiajjici 


•3uipB3J   33BJ3AV 


■  s  a  u  i 

-p«aj  iajauiojolj/j 


■spunod  'spEOi 


I        I 


00  00    00  OO    00  00    00  00    00  00    00  0 


o*  *       o    '.       0    '.       0    '•       o    .       o 


•assspsqy 


•SBJEUipiQ 


•33EJ3AB 

uaaMjaq  aouaiagiQ 


•3utp^34    33BJ3AV 


•sSui 
-peaj  jajatuojDij^ 


•spnnod  'spBOi 


t^.  t>.         t-*  f* 


^■■O        00    t-» 
oo  oo        t-»  r-» 

a*  &■     oo  oo 


s  If 

■a  2  § 
1  =  « 

£  s  -o 

"*  u  — 

.  j}  o 

C  u 

—  c  <c 


Q    ?    h 


1  «s 

S  -   = 

s  «  s 


.5  £  =2 

■3  ■=  8 

5.  «     o 

3  -    O 

S  |  - 


g  °  I 

cS-SS 


Results  of  Tests  Made  in  the  Engineering  Laboratories.      223 


& 


Q 


V 

~ 

V 

S 

y 

0 

... 

- 

O 

u 

0 

fc 

-=" 

w 

Si 

a 

3 

0 

■a 

0 

•"■ 

£ 

c 

0 

u. 

M 

0 

-= 

/■ 

Jg 

f" 

£ 

:/, 

W 

1 

P 

Cfl 

B 

O 

A 

= 

y 

8 

Q 

u 

6 

B, 

X 

1 


•CI  pUB 

9  sumn[OD  jo  ubsjai 


■II    pUB 

S  suuin[oo  jo  uesj^ 


•01  pun 

V  SUUinjOO   JO   UB3J\ 


:* 


■aresiDsqv 


•sairuipjo 


■3SEJ3AB 
U39Ml»q  3DU3J3JJ|n 


*9aipi»j  s3bj9av 


'jJa; 
•  p«3J  lajauioioij^ 


■  •  ■  r-»  ■  r*.  •  m 

:  :  :  8  :  8  :  8 

■  «  ■  o»  •  r-»  •  00 

i  ft  .  *■  -  f.  .  -I 


*0    f>       00    -        00<O        0000  «    ft         uioo 

MM  -*■  »0         NN         -    -  lrt«A        0000 

t-  t-»        ^  ^  \r,  u-,  (/tin         ^  ^  i"»  f*l 


•spunod  'speci 


3  :     8 


■■Mpaqy 


•tsituipjo 


?     :: 


•00  •    »A 


'SStMSAV 
U33MJ3q  93(19J3glQ 


:8     :l 


-Suipuai  93ej3Ay 


*s3  u  i 

-  p  *  3  1  J3J3UIOJ3J JAJ 


*spa  nod  'fproq 


00       ■  T*. 


:*     :"8.     :i 


*l 

»  II  (S 

II    £& 

g  2  § 

•ill 

ill 

ill 

IsJ 

•ago 

J   J' 


saS 


1   £   " 
■   S  J 


6-SS 


224      Results  of  Tests  Made  in  the  Engineering  Laboratories. 


s 

1-1 
o 

u 

w 
Q 

o 
o 


£    .5 


fa 

o 

H 

w 


i 

S 


•zi  puE 
9  suumioo  jo  uesj^ 


•ii  puE 

S  suumjoo  jo  tiuoji; 


•oi  puE 

fr  SUUirqOO   JO  UB3J^ 


•aesspsqy 


•s3;Eutpjo 


■33EJ3AE 
U33MJ3q  3DU3I3JJIQ 


•3mpE3J  33EJ3AV 


•s3ui 

-  p  E  3  J  J3)3UI0J0tX^ 


^  8  "8 


S  -o 


ON       tc  --D        *r,\f\       m  •*■ 


•sptinod  'spEoq 


5  :     8 


•aesspsqy 


.  «e       »i 


■saiBuipjQ 


u3aM;sq  aousjajjiQ 


.    t~»        ■  o 


•Sutpeai  a2ci3AV 


•sSui 
-  p  c  a  i  iajauicuDij^ 


\o  o       On      »oco      oooo      sot-*     coo 

NN         f*»  f*>        nn         mm        irii/i        r-r* 

mm        --        OO        qn  g-      co  so        t~*  r-« 


■spunod  'spcoq 


5  5  a 


£  =  "S 


III 

6-ss 


Results  of  Tests  Made  in  the  Engineering  Laboratories.      225 


* 


x 

a. 

< 


s. 

-= 

55 

M 

■?. 

= 

■^ 

- 

— 

c 

= 

u 

p«l 

fc 

00 

M 

-= 

- 

& 

g 

— 

- 

* 

= 

fe. 

pM 

c 

M 

;d 

M 

H 

■j. 

W 

P 

H 

1 

m 

= 

- 

I 

:> 

3 

G 

V 

- 

b 

^- 

X 

■ri  paE 
9  sumn|03  jo  ueaj^ 


■II    pUB 

S  sauin[OD  jo  uesj^ 


•OI    pUE 

f  suuiii[od  jo  uesj^ 


o       -  o       ■  o 


•a-sspsqy 


sajEuipjo 


■33EJ3AE 
UMJftJSO,  3DU3J3JJIQ 


'3utpE3J    93EJ3AV 


'sSai 
-pea j  jaiamojDtj^ 


'spanod  'spro^ 


•  O  •  0>  *oo  *p*  •  •©  •»« 

•  w  •«  •  n  •«  •  f)  •  n 

-•  •■•*  -o  -ao  •«  .  »^ 

:  :  :  8  : 8  '8  :  8  :  f 

.  -c  •  n  •*»  •  *  ■  ft  •» 

•  K  «ia  •■•  •  rs.  ■  ^-  -o» 

•  10  «ia  m  •  ^  •■♦  -co 

•  t»»  •   t>.  •   t^  .  r*.  ■  t«»  -t«. 

.p  m  ~  m  nn  «nf»  ■*••  W  Q 


o   .      o   .      o 


8,:     4 


£  i    8 


1  "%"■»!  V 


■saiEutpjQ 


•»3ej3ae 

U33M)3q  30U3J3JJI(j; 


•3uipE3J    3SEI9Ay 


•sSux 

-pE9i    J3J3lUOJ0IJ^ 


••8- 


••■8     S 


■*■  •    W  .00 

8      =S      if 


83     ??     <?   ?»     R*.   'S.tt     : 

>co       ^  ■«■      mm       00      0000      J5  JS 
F-.  r>»       t*»  r«»       (^.r-^       r^r*.      <o<£       35  ■o         * 


tpunod  'spwrj 


«     0     G 

B     «    M 

I  ~* 

V,  B  -o 
S    e    « 

-.  .3"% 

?!'' 

t   o  S 

•S  si  s 

£    »  •? 
1  J   § 


.£   £   — 
■C     N     8 

is-. 

E   3  -a 

=  1  J 

0  ~" 

S   o   8 

1  **  3 

I  «1 
o  >  a 


226      Results  of  Tests  Made  in  the  Engineering  Laboratories. 


4 


p. 

< 


w 

£ 

V. 

Ml 

a 

c 
u 

C5 

'""' 

J 

■" 

0 

p 

u 

* 

w 

~ 

(J 

0 

c 

u 

* 

.o 

h 

± 

0 

00 

tn 

d 

H 

in 

■o 

u 

> 

P 

V3 


9  suuinjoo  jo  uksjai 


•II    pUE 
S  SIIUin[03  JO  UB3J1J 


■or  puB 
¥  SUUiniOD  JO  uesj^ 


■saiHinpjQ 


•38BJ3AB 

uaaAvjsq  aDiiajsjjtQ 


■Suipeai  aSBiSAy 


•sSuj 
•p«3J  jaiaiuojDij^ 


•spunod  'speoq 


o"  :     o  ;     o"  :     q  '.     o  i     o 


•saiEiiipjo 


,/-,  .    I*.  .0 


■aSlMSAB 


•Suipesi  s2Ei3Ay 


■  s  3  u  I 
-pB3j  aajaiuoJDJiv 


•spunod  'spBOT 


■■& 


I*  ©»         to  to 

i    0  Oi  CT* 


0      ON 

■*  to 


£    -J-  -a 


5.3  3 


E   "   ° 

So** 

||  | 

III 


8   = 


■SS 


Results  of  Tests  Made  in  the  Engineering  Laboratories.      227 


a. 


- 

'.r. 

a 

k 

~ 

Bl 

0 

u 

- 

c 
0 

= 

N 

z 

** 

u 

jtJ 

p 

Si 

- 
0 

— 

£ 

d 

b. 

1^* 

O 

r^ 

£ 

J. 

5 

f. 

W 

* 

H 

1 

n 

= 

B 

en 

d 

0 

i 

- 

B 

i 

5. 

en 

8. 


3 

•CI    puB 

9  sauin[03  jo  ue3j^ 

:  ° 

■  <j- 

O 

'ti  pue 
S  suiun[03  jo  uksj^ 

•    VI 

•01  pue 

f  BUUinjOD  JO    UE9J^ 

:  !      :  0*     • 

0 

|J 

0 

t/3 

X 
h 

b 
o-    0 

00 

Z 

O 

■ 

Q 

•at*s*psqy 

•sajeuipjQ 

■  00 

•    ^ 

r 

•»3eJ3AB 

.    •         '0         • 

'Sutpeaj  3Sej»Ay 

!| 

■    «A 

s3ui 
-pes j  iajatuojoij^ 

M    0 

t*»  r-. 

*t punod  'spetrj 

0"   '. 

I: 

£  i 

§ 
8 

-O 

*  « 

B 
en 

X 
H 
■ 
O 

n  S5 

N 

B 

■ 

a 

'xssusqy 

■  0 

;   O 

3 

SSlElllpiO 

;"5 

-? 

S3EJ3AC 
U99M19q  MU9J3JJIQ 

•    •        •  00        . 

■SutpBSJ  ;>WvTj.i.\y 

■  00 

!l 

•«3ui 

-pV3J      J313lUOiDtJ\[ 

00  =o 

H 

« 

punod  'spBoq 

l: 

0*  ! 

§: 

-2  I 

8 

^  * 


*         A         S 


o    -  tj 


—  3  2 


S   fi 


8   o   E 
I  -  I 

§    8    S 


228      Results  of  Tests  Made  in  the  Engineering  Laboratories. 


TESTS  OF  WOODEN   COLUMNS. 

Specimen,  Spruce:   Dimensions — Width,  8J  in.;  depth,  8\  in. 
Date,  April  26,  1894. 
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Compression  measured  in  a  length  of  50  in. 

Weight  of  column,  126  lbs. 

Maximum  load,  191,500  lbs. 

Maximum  load  per  sq.  in.  sectional  area  =  2,901  lbs. 

Ratio  of  stress  to  strain  from  10,000  to  60,000  lbs.  =  1,439,900. 

Manner  of  breaking,  crushed  1  ft.  from  platform. 


TESTS   OF   WOODEN   COLUMNS. 

Specimen,  Spruce:  Dimensions  —  Width,  8  J  in.;  depth,  S\  in.;  length,  7  ft.  6  in. 

Date,  April  26,  1S94. 
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Compression  measured  in  a  length  of  50  in. 

Weight  of  column,  100  lbs. 

Maximum  load,  170,800  lbs. 

Maximum  load  per  sq.  in.  sectional  area  =  2,587  lbs. 

Ratio  of  stress  to  strain  from  10,000  to  60,000  lbs.  S  1,442,700. 

Manner  of  breaking,  crushed  6  in.  from  platform. 
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TESTS   OF  WOODEN  COLUMNS. 

Specimen,  Spruce  :  Dimensions  —  Width,  8|  in. ;  depth,  8J  in. ;  length,  9  ft.  6f  in. 

Date,  April  26,  1894. 
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Compression  measured  in  a  length  of  50  in. 

Weight  of  column,  133  lbs. 

Maximum  load,  175,700  lbs. 

Maximum  load  per  sq.  in.  sectional  area  =  2,662  lbs. 

Ratio  of  stress  to  strain  between  10,000  and  60,000  lbs.  =  ii357.3oo. 

Manner  of  breaking,  crushed  3  ft.  from  platform. 


TESTS   OF  WOODEN  COLUMNS. 

Specimen,  Spruce:  Dimensions  —  Width,  7}  in.  ;  depth,  7}  in.; 

Date,  April  26,  1894. 
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Compression  measured  in  a  length  of  50  in. 

Weight  of  column,  66  lbs. 

Maximum  load,  191,900  lbs. 

Maximum  load  per  sq.  in.  sectional  area  S5  3,19s  lb*. 

Ratio  of  stress  to  strain  from  10,000  to  60,000  lbs.  S3  1,222,400. 

Manner  of  breaking,  crushed  1.5  ft.  from  platform. 
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TESTS   OF  WOODEN   COLUMNS. 
Specimen,  Spruce:  Dimensions  —  Width,  7 \  in.;  depth,  7!  in.;  length,  5  ft.  gf  in. 

Date,  April  26,  1894. 
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Compression  measured  in  a  length  of  50  in. 

Weight  of  column,  66.5  lbs. 

Maximum  load,  156,000  lbs. 

Maximum  load  per  sq.  in.  sectiona.  area  =:  2,556  lbs. 

Ratio  of  stress  to  strain  from  10,000  to  60,000  lbs.  =  834,270. 

Manner  of  breaking,  crushed  1.5  ft.  from  platform. 


TESTS   OF  WOODEN  COLUMNS. 

Specimen,  Spruce:  Dimensions  —  Width,  S\  in.;  depth, S\  in.;  length,  7  ft.  II  in. 
Date,  April  26,  1894. 
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Compression  measured  in  a  length  of  50  in. 

Weight  of  column,  104  lbs. 

Maximum  load,  175,400  lbe. 

Maximum  load  per  sq.  in.  sectional  area  —  2,617  lbs. 

Ratio  of  stress  to  strain  from  10,000  to  60,000  lbs.  =  857,380. 

Manner  of  breaking,  crushed  1.5  ft.  from  platform. 
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TESTS   OF   WOODEN   COLUMNS. 

Specimen,  Spruce:  Dimensions  —  Width,  8J  in.;   depth,  S^g  in.;  length,  18  ft. 
Date,  December  28,  1894. 
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Compression  measured  in  a  length  of  100  in. 

Weight  of  column,  200  lbs. 

Maximum  load,  182,800  lbs. 

Maximum  load  per  sq.  in.  sectional  area  =  1,784  lbs. 

Ratio  of  stress  to  strain,  commonly  called  modulus  of  elasticity,  between  10,000  and  60,000  lbs.  =:  884,000. 

Manner  of  breaking,  deflected  horizontally,  crushing  at  end. 


TESTS   OF   WOODEN   COLUMNS. 

Specimen,  Spruce :   Dimensions — Width,  10  in. ;  depth,  10  in. ;  length,  12  ft. 
Date,  January  3,  1895. 
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Compression  measured  in  a  length  of  too  in. 

Maximum  load,  190,000  lbs. 

Maximum  load  per  sq.  in.  sectional  area  —  1,900  lbs. 

Ratio  of  stress  to  strain,  commonly  called  modulus  of  elasticity,  between  10,000  and  30,000  lbs.  SS  1,180,000. 

Manner  of  breaking,  deflected  diagonally,  crushing  at  center. 
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COLUMN   TEST. 
Specimen,  Yellow  Pine  Column.     Date,  March  II,  1895. 


Loads. 

Micrometer  Readings. 

Mean. 

Differences. 

North. 

South. 

10,000 
60,000 

1.0062 
.9025 

.8061 
•  7454 

.9062 
.8240 

.0822 

Measured  length  =  100  in. 

Maximum  load,  153,700  lbs. 

Crushed  at  knot  in  center  of  stick. 

Area  of  cross  section  :  Middle  =  56.36  sq.  in. ;  largest  =  56.92  sq.  in. ;  smallest  =  49-42  sq.  in. 

Maximum  load  pounds  per  sq.  in.  =  2,730  lbs. 

Ratio  of  stress  to  strain,  commonly  called  modulus  of  elasticity  =  1,079,000  (middle  section). 
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TESTS   OF   WOODEN   COLUMNS. 
Specimen,  Oak  Column  —  Oak  Bolster.     Date,  October  24,  1894. 
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Compression  measured  in  a  length  of  50  in. 

Weight  of  column,  240  lbs. 

Maximum  load,  159,40010s. 

Maximum  load  per  sq.  in.  sectional  area  —  1,921  lbs. 

Ratio  of  stress  to  strain,  commonly  called  modulus  of  elasticity,  between  10,000  lbs.  and  60,000  lbs.  =  994,000. 

Manner  of  breaking,  deflected  diagonally,  splitting  at  end  next  to  bolster,  and  crushing  in  lower  side. 

Bolster  failed  at  110,000  lbs.. 
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TESTS   OF   WOODEN   COLUMNS. 
Specimen,  Oak  Column  —  Oak  Bolster.     Date,  October  25,  1894. 
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Compression  measured  in  a  length  of  50  in. 

Weight  of  column,  130  lbs. ;  weight  of  bolster,  76  lbs. 

Maximum  load,  156,000  lbs. 

Maximum  load  per  sq.  in.  sectional  area  =  1,902  lbs. 

Ratio  of  stress  to  strain,  commonly  called  modulus  of  elasticity,  between  10,000  lbs.  and  80,000  lbs.  ss  1,575,000. 

Manner  of  breaking,  deflected  diagonally,  splitting  at  end  next  to  bolster. 
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TESTS 
Specimen,  Spruce  Col 


OF   WOODEN   COLUMNS, 
umn  —  Oak  Bolster,     Date,  October  29,  1894. 
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Compression  measured  in  a  length  of  50  in. 

Weight  of  column,  85  lb*.  ;  weight  of  bolster,  84  lbs. 

Maximum  load,  1 65, 000  lbs. 

Maximum  load  per  sq.  in.  sectional  area  S3  1,770  lbs. 

Ratio  of  stress  to  strain,  commonly  called  modulus  of  elasticity,  between  10,000  lbs.  and  80,000  lbs.  =  1,082,000. 

Manner  of  breaking,  deflected  diagonally,  splitting  at  end  next  to  bolster. 
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TESTS   OF   WOODEN  COLUMNS. 
Specimen,  Spruce  Column  —  Oak  Bolster.     Date,  November  10,  1894. 
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Compression  measured  in  a  length  of  50  in. 

Weight  of  column,  125  lbs.  ;  weight  of  bolster,  80  lbs. 

Maximum  load,  171,000  lbs. 

Maximum  load  per  sq.  in.  sectional  area  =:  1,900  lbs. 

Ratio  of  stress  to  strain,  commonly  called  modulus  of  elasticity,  between  10,000  lbs.  and  60,000  lbs.  :=  1,812,000. 

Manner  of  breaking,  deflected  diagonally,  splitting  and  crushing. 

Bolster  failed  at  169,000  lbs. 
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TESTS   OF   WOODEN   COLUMNS. 
Specimen,  Spruce  Columns  —  Maple  Bolster.     Date,  November  12,  1894. 
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Compression  measured  in  a  length  of  50  in. 

Weight  of  column,  88  lbs. ;  weight  of  bolster,  70  lbs. 

Maximum  load,  198,000  lbs. 

Maximum  load  per  sq.  in.  sectional  area  =  2,110  lbs. 

Ratio  of  stress  to  strain,  commonly  called  modulus  of  elasticity,  between  40,000  lbs.  and  80,000  lbs.  =  1,316,000. 

Manner  of  breaking,  deflected  diagonally,  splitting  through  center,  beginning  at  end  next  to  bolster. 

Bolster  failed  at  130,000  lbs. 
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TESTS   OF   WOODEN   COLUMNS. 
Specimen,  Spruce  Column  —  Maple  Bolster.     Date,  November  14,  1894. 
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Compression  measured  in  a  length  of  50  in. 

Weight  of  column,  88  lbs.  ;  weight  of  bolster,  61  lbs. 

Maximum  load,  250,000  lbs. 

Maximum  load  per  sq.  in.  sectional  area  =z  2,630  lbs. 

Ratio  of  stress  to  strain,  commonly  called  modulus  of  elasticity,  between  10,000  lbs.  and  100,000  lbs. 

Manner  of  breaking,  deflected  diagonally,  splitting  at  end  next  to  bolster. 

Bolster  failed  at  250,000  lbs. 
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TESTS   OF   WOODEN   COLUMNS. 
Specimen,  Spruce  Column  —  Oak  Bolster.     Date,  November  27,  1894. 
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Compression  measured  in  a  length  of  100  in. 

Weight  of  column,  183  lbs. ;  weight  of  bolster,  84  lbs. 

Maximum  load,  142,700  lbs. 

Maximum  load  per  sq.  in.  sectional  area  —  1,560. 

Ratio  of  stress  to  strain,  commonly  called  modulus  of  elasticity,  between  10,000  lbs.  and  60,000  lbs.  =s  1,443,000. 

Manner  of  breaking,  deflected  vertically,  splitting  at  end  next  to  bolster. 

Bolster  failed  at  107,000  lbs. 
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TESTS  OF   WOODEN   COLUMNS. 
Specimen,  Oak  Column  —  Oak  Bolster.     Date,  November  26,  1894. 
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Compression  measured  in  a  length  of  50  in. 

Weight  of  column,  151  lbs. ;  weight  of  bolster,  78  lbs. 

Maximum  load,  170,300  lbs. 

Maximum  lqad  per  sq.  in.  sectional  area  =  1,870  lbs. 

Ratio  of  stress  to  strain,  commonly  called  modulus  of  elasticity,  between  10,000  lbs.  and  60,000  lb*.  =  884,000. 

Manner  of  breaking,  deflected  vertically,  splitting  and  crushing. 

Bolster  failed  at  150,000  lbs. 
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TESTS   OF   WOODEN   COLUMNS. 
Specimen,  Spruce  Column  —  Oak  Bolster.     Date,  December  6,  1894. 
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The  column  was  a  part  of  the  column  tested  November  27. 

Compression  measured  in  a  length  of  100  in. 

Weight  of  column,  183  lbs. ;  weight  of  bolster,  87  lbs. 

Maximum  lo.id,  153,600  lbs. 

Maximum  load  per  sq.  in.  secMonal  area  —  1,410  lbs. 

Ratio  of  stress  to  strain,  commonly  called  modulus  of  elasticity,  between  10,000  lbs.  and  60,000  lbs.  —  1,526,000. 

Manner  of  breaking,  deflected  diagonally ;  split  at  end  next  to  bolster. 

Bolster  failed  at  120,000  lbs. 
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TESTS   OF   WOODEN   COLUMNS. 
Specimen,  Spruce  Column  —  Oak  Bolster.     Date,  December  7,  1894. 
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Compression  measured  in  a  length  of  100  in. 

Weight  of  column,  275  lbs.  ;  weight  of  bolster,  77  lbs. 

Maximum  load,  138,000  lbs. 

Maximum  load  per  sq.  in.  sectional  area  —  1,380  lbs. 

Ratio  of  stress  to  strain,  commonly  called  modulus  of  elasticity,  between  10,000  lbs.  and  60,000  lbs.  =  889,700. 

Manner  of  breaking,  deflected  diagonally,  splitting  from  end  next  to  bolster. 

Bolster  failed  at  120,000  lbs. 
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TESTS 
Specimen,  Spruce  Column 


OF   WOODEN   COLUMNS. 
—  Yellow  Pine  Bolster.     Date,  December  8, 


1894. 
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.8919 

.0096 

.8821 

.0098 

.0104 
.0107 
.0560 


4 

.47 
45 

15 
-45 


•43 
42 


8  9  10 

South  Side. 


•3 

I 
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I 


10,000 
20,000 


40,000 
50,000 

70,000 

80,000 

100,000 
120,000 
145.0°° 


7517 

.7S20 

7384 
7385 

.7271 
.7269 

.7.6. 
.7165 

■7°53 
•7°55 

•69S5 
.6950 

6844 
.6848 

■°735 
•6733 


Deflection. 


75'9 
7385 
■7*7° 
.7163 
•7°54 
■°953 
.6846 
■6734 


.0107 
.0109 
.0101 


<«■ 

U1 

0 

■ 

e 

a 

1 

S 

3 

3 

©  2 

-  z 

*o  - 

S-e 

c-a 

Ct3 

JsS 

J2  « 

91 

.0086 
.0095 

.0102 
.0104 
.0103 
.0107 

.0336 


.12 

.46 

.09 

•45 

.08 

•44 

.c 

.08 

•42 

.07 

■4" 

.07 

•41 

.c 

.08 

.40 

.08 

•39 

. 

.09 

•37 

1. 

08 


.28 
.19 


Compression  measured  in  a  length  of  100  in. 

Weight  of  column,  260  lbs.  ;  weight  of  bolster,  70  lbs. 

Maximum  load,  145,000  lbs. 

Maximum  load  per  sq.  in.  sectional  area  =  1,410  lbs. 

Ratio  of  stress  to  strain,  commonly  called  modulus  of  elasticity,  between  10,000  lbs.  and  60,000  lbs. 

Manner  of  breaking,  deflected  diagonally,  splitting  at  end  next  to  bolster  and  crushing. 

Bolster  failed  at  135,000  lbs. 
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STEEL  — TENSION. 


Date. 


80 

ff 


^ 

^^ 

d 

s 

J= 

s 

4 

0 

.2 

°« 

w 

_0    u) 

.  & 

S 
■ 

■ 

*>^. 

-    4, 

1  fe 

>< 

x^ 

—  a. 
.0  A 

2  15 

r.  — 

1  a 

§1 

S- 

S-J 

» 

0 

S 

B 

3 

a 

it 

87,190 

49.800 

2.25 

20.5 

1 1 

50,700 

29,400 

3-44 

313 

11 

51,090 

31,700 

3-44 

31.3 

25 

52,520 

5- 19 

18.8 

II 

48,500 

28,700 

3-63 

330 

60 

51,700 

17.50 

29.2 

10 

48,900 

29,700 

350 

350 

II 

Si, 800 

27,000 

3-38 

30.7 

10 

48,900 

27,000 

3-45 

34-5 

8 

55.640 

50,000 

2  42 

30.2 

8 

55.040 

2.29 

28.6 

8 

51,620 

28,000 

2  35 

29-4 

8 

51,250 

27.930 

2. 1  j 

26.6 

8 

55,620 

28,000 

2-34 

29.2 

8 

53.540 

28,000 

2.03 

25-4 

8 

S'.iso 

28,000 

2.46 

307 

8 

51,560 

2.48 

31  0 

8 

51.740 

28,000 

2.30 

28.7 

8 

50,740 

244 

305 

8 

52,290 

2.38 

29-7 

8 

57.900 

254 

31.8 

8 

53.300 

30,000 

2  61 

M-« 

8 

53,180 

2.25 

28.1 

8 

56,230 

29.700 

2.38 

29.7 

8 

57.020 

28,400 

2  19 

273 

8 

54.530 

28,000 

2.50 

313 

8 

55.670 

39,600 

2.50 

313 

8 

56,930 

34,200 

225 

28.1 

8 

54,350 

28,400 

2.38 

«9-7 

8 

55,180 

28,400 

2.38 

a, 

8 

54,860 

28,010 

2  25 

8 

54,700 

29,100 

238 

29- 7 

8 

54.810 

30,35° 

2.25 

28.1 

8 

55.250 

29,300 

238 

29.7 

8 

54.670 

28,860 

2.50 

3'-3 

8 

54.670 

29.800 

244 

305 

8 

54,600 

30,000 

2.00 

25.0 

8 

54,090 

2.38 

297 

8 

S6,570 

30,500 ' 

*.$s 

29  7 

8 

54,000 

30,900 

2.25 

28.1 

■CO, 


IS 


Rr.ma 


1894. 
Oct.  35 
Oct.  27 
Nov.  8 
Nov.  21 
Nov.     19 

1895. 
Feb.      — 
March  27 
.March  28 
April      2 

1894. 
Sept.  6 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept.  17 
Sept.  17 
Sept.  18 
Sept.  18 
Sept.  19 
Sept.  19 
Sept.  19 
Sept.  19 
Sept.  19 
Sept.  19 
Sept.  20 
Sept.  20 
Sept.  20 
Oct.  27 
Oct.  27 
Oct.  27 
Oct.       27 


.75  dia. 
•75  dia. 
.75"  dia. 
2.00  dia. 
.76"  dia. 

2.00"  dia. 
.76"  dia. 
■75"  dia. 
.75"  dia. 


44  x  150 

•  44  X  120 

•  44  1  ISO 
.45X  1-22 
•43  *  1-49 

.44x1.18 

44  x  1.49 

.44  X   1.22 

■  43  x  1.50 
.45  x  I.JO 

•  44  X  1. 13 
•43  X  1.49 
•3/x  1.49 
.38  x  1.22 
■43  x  1.25 
•43  x  1.39 
.44  x  1.38 
■44  X  1.39 
.43  X  1.23 
•44  X  1.36 
•44  X  1.36 
■44  X  1.38 
•43  x  1.36 
•43  x  1.38 

•  43  x  I.JJ 
■43  x  1.37 
■37  x  1.36 
•43  x  1.24 

■  44  x  1.25 
.42  x  1.25 
•44  X  1.25 


•442 

■442 

•442 

3-142 

■454 


3-142 
•454 
■  442 
•442 


.658 

•  530 
■654 
■545 

644 
•5J4 
.650 
■539 
■645 
■541 
536 
637 
.548 
.466 
.538 
■598 

.607 

■  609 
■5J7 
•598 
.598 
.607 
5»S 
•593 
.58. 

•  589 
■503 
•533 
•550 
•5J5 
.550 


.J46 
•■59 
.159 
1.629 
.132 


■327 

■  139 
.113 


■297 
.220 
.263 
.249 
■J73 
.229 
.258 

■  227 
.250 

■247 
.218 

•J47 
.J06 
■J04 
J15 
.270 
.238 
.267 
.221 
.250 
■242 
■27J 
■255 
•277 

■  j6o 
•252 

88 


44-2 
64.0 
64.0 
48.2 
70.9 


57.8 
63.4 
68.6 


54-9 
58.5 
59.8 
54-3 
57-6 
56.3 
603 
57-9 
61.2 
54-4 
59-3 
61.2 
62.4 
56.2 
60.0 
54  8 
60.8 
56.2 
58.. 
58.2 
59.6 
55-2 
56.4 
53  3 
55-3 
57-2 
62.6 


36,440,000 
33,200,000 
31,120,000 


31,500,000 
32,500,000 
33,100,000 


Machine. 
Bes*emer. 
Bessemer. 
Bessemer. 
Bessemer. 


Glendon. 
Bessemer. 
Bessemer. 
Bessemer. 


31,180,000 
32,210,000 
30,600,000 
32,840,000 
29,900,000 
34,780,000 
31,056,000 
32.950,000 
31,750,000 
35,080,000 
30,860,000 
29,430,000 
32,310,000 
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WROUGHT   IRON  — TENSION. 
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re  J 
E  S 
•so. 

5" 

4 
■ 

re 

"Si 

■ 

re 

"3 

|lf 

S 

Remarks. 

1894. 
Oct.       19 
Oct.      20 
Oct.      31 

1895. 

April      3 
April      4 
April      9 
April     1 1 
April     12 
April     15 

.75"dia. 

.75"  dia- 
ls''dia. 

.76"  dia. 
.76"  dia. 
-75"dia. 
.76"  dia. 
■  75"  dia. 
.76     dia. 

442 
442 
442 

454 
454 
442 

454 
442 
454 

•363 
•374 
•363 

•322 
•322 
•332 
■322 
■332 
•342 

10 
II 
II 

10 
10 
II 
II 
II 
1 1 

49,120 
47,060 
47.830 

511300 
52,400 
53.400 
52,100 
54,100 

5l,5oo 

29,000 
3 '.700 
29,400 

26,000 
35.000 
29,000 
26,000 
29,000 
26,500 

1.25 
1. 00 

■94 

i-75 
2.30 

2.44 
2.63 
2.25 
2.00 

12   5 
9.I 
85 

'7-5 
230 
22.2 
»3-9 

20.5 
18.6 

■7.8 

'5-4 
.7.8 

29.1 
29  1 

24-9 
29.1 

24  9 
24.6 

28,290,000 
29,200,000 

30,100,000 
25,400,000 
28,200,000 

27,700,000 

33,100,000 

Refined. 
Refined. 
Refined. 

Refined. 
Refined. 
Refined. 
Refined. 
Refined. 

IRON   WIRE. 


7 

ll-s 

V 

0 

c 

5-4 

6 
re  cr 

d 

*3 

J* 

u  c 

_o  w 

i£  x 

H-. 

Date. 

Lj 

U 

Ik 

x  a 

O 

in 

Remarks. 

1 

re 

*re  re 

u 

13 

is 

a 

O 

a 

H 

S 

1894. 

Oct.      20 

"35 

oi43 

86,800 

33,200 

25,050,000 

Common. 

Oct.      24 

107 

0090 

46,500 

23,200 

26,370,000 

Annealed. 

Oct.      25 

107 

0090 

47,500 

23,200 

28,220,000 

Annealed. 

Oct.      27 

■06 

0088 

50,600 

28,000 

29,390,000 

Annealed. 

Oct.      31 

106 

0088 

50,600 

25,800 

29,900,000 

Annealed. 

Nov.       2 

106 

0088 

50,000 

28,000 

29,600,000 

Annealed. 

Nov.      5 

107 

0090 

49,600 

23,200 

29,100,000 

Annealed. 

Nov.      6 

107 

0090 

49,600 

27,500 

28,300,000 

Annealed. 

Nov.      8 

107 

0090 

49,600 

27,500 

28,300,000 

Annealed. 

Nov.     10 

106 

0088 

50,090 

28,000 

28,710,000 

Annealed. 

Nov.     12 

106 

0088 

50,600 

28,000 

29,900,000 

Annealed. 

Nov.     20 

■35 

0143 

75,660 

23,900 

31,110,000 

Common. 

Nov.    22 

'35 

OI43 

71,680 

37,200 

27,510,000 

Common. 

Nov.     22 

■36 

0145 

81,090 

39,200 

27,680,000 

Common. 

Nov.     26 

■37 

0147 

91,500 

36,900 

36,050,000 

Common. 

Nov.    27 

■35 

°'43 

86,910 

42,500 

28,700,000 

Common. 

Dec.      19 

110 

0095 

99,970 

56,000 

28,160,000 

Common. 

Dec.     29 

114 

0102 

93,070 

44,700 

27,080,000 

Common. 

18Q5. 

March  15 

■35 

OI43 

94,200 

45,ioo 

32,200,000 

Common. 

March  18 

109 

0093 

102,000 

64,300 

29,700,000 

Common. 

March  21 

■35 

•<J"43 

84,300 

45,100 

30,700,000 

Common. 

March  22 

■35 

0143 

128,000 

45,100 

28,100,000 

Common. 

March  23 

■35 

°'43 

96,000 

61,100 

27,700,000 

Common. 

March  25 

■35 

0143 

93,600 

50,400 

28,000,000 

Common. 

March  26 

062 

0030 

101,000 

62,900 

28,400,000 

B  right. 

March  27 

062 

0030 

1 10,000 

62,900 

29,100,000 

Bright. 

March  28 

062 

0030 

109,000 

50.300 

26,900,000 

Bright. 

April      2 

062 

0030 

101,000 

62,900 

25,000,000 

Bright. 

April      4 

062 

0030 

107,000 

44,100 

27,300,000 

Bright. 

April      4 

062 

0030 

107,000 

56,600 

27,100,000 

Bright. 

April      5 

109 

0093 

102,000 

44,800 

29,600,000 

Common. 

April      9 

062 

0030 

101,000 

62,900 

28,700,000 

Bright. 

April     10 

062 

0030 

107,000 

56,600 

24,000,000 

Bright. 

April     11 

109 

0093 

106,000 

73.300 

27,100,000 

Common. 
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COPPER   WIRE. 
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Date. 

1 
■ 

I 

Is 

1-3 

0 

M 

if 

Remarks. 

s 

0 

s 

9 

5 

1894- 
Oct.       17 

.083 

•0054 

29,500 

10,500 

14,010,000 

Soft. 

Nov.     27 

.°8l 

.0052 

33.19° 

24,100 

17,990,000 

Hard  drawn. 

Dec.       3 

.08l 

.0052 

47.940 

29,500 

17,780,000 

Hard  drawn. 

Dec.       4 

.Ofe 

.0050 

33.080 

13,200 

18,530,000 

Soft. 

Dec.       4 

.08 1 

.0052 

49.050 

29,100 

17,770,000 

Hard  drawn. 

ROPE   TESTS. 
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1894. 

Oct.  18 

Oct.  19 

Oct.  20 

Oct.  22 

Oct.  26 

-Oct.  27 

Nov.  2 

Nov.  5 

Nov.  7 

Nov.  9 

Nov.  12 

Nov.  14 

Nov.  20 

Nov.  21 

Nov.  23 

Nov.  26 

Nov.  27 

Nov.  27 

Dec.  3 

Dec.  3 

Dec.  4 

Dec.  6 

Dec.  14 

Dec.  3 1 


1895. 
Jan.  3 
March  18 
March  19 
March  20 
March  21 
March  22 
March  25 
March  27 
March  2S 
March  30 
April  2 
April  3 
April  4 
April  4 
April  6 
April  10 
April  12 
April  15 
April     18 


Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 


Manila. 
Sisal. 

American  hemp. 
Russian  hemp. 
Russian  hemp. 
American  hemp. 
American  hemp. 
American  hemp. 
American  hemp. 
Stsal . 

Russian  hemp. 
Russian  hemp. 
American  hemp. 
American  hemp. 
American  hemp. 
Sisal. 
Manila. 
Manila. 
Manila. 


(Dry.) 
(Dry.) 
(Tarred.) 

(Tarred.) 

(Dry.) 

(Dry.) 

(Dry.) 

(Dry.) 

(Tarred  ) 
(Dry.) 
(Dry.) 

(Tarred.) 
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4 
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it 
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3 
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3 
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.1 

3 
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3 
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3) 
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3 
3 
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4 
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* 

3 

3 

3 

3 

4 

3 
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3 

l\ 

3 

4 

3 

3 
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3 

i 

2} 

3 
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2* 

3 
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2} 

3 

5 

2t 

3 

5 

3 

5 

3 

5 

3 

5 

l\ 

3 
3 

53 
6 

3 

5 

3 

3 
3 

5i 
5 

3 

5* 

3 

2* 

3 

2 

3 

2 

Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splicei 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 


Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Kv'.-  sniio-. 

Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 
Eye  splice. 


Splice. 

7,900 

Splice. 

6,900 

Splice. 

7.150 

5.58o 

Splice. 

8,700 

Splice. 

S.Xoo 

Center. 

O,26o 

Center. 

9,880 

Center. 

22,370 

Center. 

9,4IO 

Center. 

I  I,l6o 

Center. 

24,940 

Splice. 

24,32° 

Center. 

23,060 

Center. 

8.55° 

Center. 

9.95° 

Center. 

9.58° 

Center. 

9,810 

Center. 

9,270 

Center. 

9,270 

Center. 

9.38o 

Center. 

9,070 

Splice. 

10,320 

Splice. 

6,560 

Center. 

21,100 

Splice. 

5.84° 

Center. 

7.48o 

Center. 

6,660 

Splice. 

4,5'° 

Splice, 

4.7°° 

Splice. 

5.45° 

Splice. 

8,35° 

Center. 

7.48o 

Splice. 

7320 

Center. 

6,290 

Splice. 

4,190 

Splice. 

8,97° 

Center. 

5.57° 

Splice. 

3,72° 

Splice. 

6,460 

Center. 

18,800 

Center. 

24,100 

Center. 

22,400 

Dry. 
Dry. 
Dry. 

Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet, 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Dry. 


Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
Ends  wet. 
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TESTS   ON    TORSION    MACHINE. 


Date. 


Specimen. 


J 

C 

#  5 

u- 

a*j 

£ 

J 1 

s 

sc 

2.03 

74,880 

'■54 

3  5.'°° 

1.52 

34,200 

i-11 

33.840 

1-53 

33.840 

■•53 

34.920 

■■52 

34,200 

2.27 

123,800 

2.00 

101,520 

2.00 

100,260 

2.02 

11 1,960 

1.85 

81,240 

2.26 

122,950 

2.29 

124,600 

2.25 

116,640 

2.2  s 

121,590 

2.01 

112,590 

2.27 

123,750 

I.77 

38,97° 

2.02 

134,100 

2.25 

111,960 

2.27 

106,920 

2.2S 

108,360 

2.2S 

109,0)  C 

2.21, 

113,670 

2.26 

107,640 

I. SO 

56,000 

I.  SO 

53.28o 

I. 52 

53,28o 

«•« 

52,500 

2  a  si  • 

=  »^  =  •" 


J; 

s  .  a 

C-Q 

g  5 

5  - 

•3.3  d 

w    0 

~  -J 

W 

O 

o  >> 
£-3 


£  I 


1894. 

Oct.  24 

Oct.  26 

Oct.  27 

Nov.  1 

Nov.  3 

Nov.  5 

Nov.  6 

Nov.  8 

Nov.  10 

Nov.  20 

Nov.  22 

Nov.  23 

Dec.  3 

Dec.  4 

Dec.  6 

Dec.  7 

Dec.  8 

Dec.  21 

Dec.  31 

1895. 
Jan-  3 
Feb.  — 
March  19 
March  20 
March  21 
March  25 
March  26 
April  2 
April  3 
April  5 
April      6 


Norway  iron. 
Norway  iron. 
Norway  iron. 
Norway  iron. 
Norway  iron. 
Norway  iron. 
Norway  iron. 
Refined  iron. 
Bessemer, 
Bessemer. 
Bessemer. 
Bessemer. 
Refined  iron. 
Refined  iron. 
Refined  iron. 
Refined  iron. 
Bessemer. 
Refined  iron. 
Refined  iron. 


Bessemer. 
Norway  iron. 
Norway  iron, 
Norway  iron. 
Norway  iron. 
Norway  iron. 
Norway  iron. 
Bessemer. 
Bessemer. 
Bessemer. 
Bessemer. 


45.590 
48,950 
49,600 
48,120 
48,110 

49,65o 
49,600 

53,92«> 
64,630 
63,830 
70,630 
65,350 
54,250 
52,840 
52.150 
54,37° 
70,610 
53,8qo 
35.790 


82,S6o 
50,060 
46,600 
48,500 
49,100 
52,200 
47,500 
84,500 
80,400 
77,3oo 
74,7oo 


25,200 
25,200 
23,400 
23,400 
23,400 
20,160 
19,800 
21,600 
21,600 


11,000 
11,300 

10,500 
10,800 
10,300 
30,400 
29,900 
3  *  ,300 
30,800 


1 1 ,900,000 
9,840,000 
11,410,000 
11,600,000 


11,840,000 
12,480,000 
12,720,000 
11,820,000 
10,320,000 
11,990,000 
10,250,000 
12,230,000 
12,510,000 
12,190,000 
12,510,000 
13.410,000 
12,840,000 
11,200,000 


11,830,000 
11,830,000 
10,900,000 
1 1,800,000 
1 1,700,000 
12,000,000 
1 1,406,000 
12,200,000 
12,200,000 
10,700,000 
10,900,000 


50 

'5-5 

2.23 

3° 

12.0 

2.67 

30 

11.25 

2-75 

3° 

8.50 

1.90 

3° 

1 1. 10 

2.70 

30 

14.56 

3  5° 

30 

8.98 

2.03 

40 

4-7i 

.90 

3° 

785 

1.70 

30 

7.87 

1.72 

36 

10.94 

2-34 

24 

3-87 

1.05 

40 

5  60 

1.07 

40 

5M 

.98 

40 

3-7° 

•7* 

40 

4.40 

.87 

36 

5- 76 

1.26 

40 

5.00 

•9' 

50 

2.10 

•35 

144 

6-77 

■43 

50 

5.80 

1. 00 

5<J 

12.30 

2.00 

50 

10.90 

1.90 

50 

9.90 

1.60 

50 

11.00 

1.90 

5° 

10.00 

1.70 

75 

16.30 

2.00 

75 

15.70 

2.00 

75 

16. 10 

2.10 

75 

15.80 

2.00 

84 

54 
49 
53 
4') 
49 
51 
S 
-,'• 
55 

5* 

44 

63 

'■4 
Co 
61 
55 

u 


190 
7° 
75 
70 
76 
70 
70 
96 
94 
93 
94 


WHITE   OAK  BEAMS. 


£*7 

a* 

*a 

2* 

~ 

"3  ^ 

M 
c 

3-n 

'-2 

3  « 

m 

1 

3   >-.S 


462 

464 
466 
472 

476 


Inches. 
4i  x  nj 
4i  x  10 

4X    12$ 

8x  12 

3i*  ■  ■& 


Ft.  In. 
15—0 
11  —6 


IS  " 
1(5  - 


Center. 
Center. 
Center. 
Center. 
Center. 


8,500 
10,700 
13,100 
20,000 
10.200 


4,37<> 
5,160 
4.380 
4,790 
5. 5"o 


848,000 
870,000 
677,000 
845,000 
983,000 


■37 
189 
204 
162 
■73 


Tension. 
Tension. 
Tension. 
Tension. 
Tension. 
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MAPLE   BEAMS. 


«9 

.5 
a 
•v 

■a 

c 

1 
■ 

S 

■3 

*0 

re 
0 

t  = 
0.0" 

0  0. 

us  of  elas- 
(In  lbs.  per 

y  of   shear. 
.  persq.  in.) 

I 

rffl 
O 

Remarks. 

0" 

re 

6 
•a 

f 

3 

1 

c 
e 

a 

1 
'.2 

2 

1A 

3  >,-S 

re  S 

s 

Inches. 

Ft.     In. 

463 

4  x  12 

.5-6 

Center. 

9,650 

4,732 

1,396,000 

■55 

Tension. 

46- 

4  x  12 

16  —  0 

Center 

12,300 

6,200 

1,627,000 

196 

Tension. 

All  maple  beams 

469 

4X  12 

13—0 

Center. 

17,800 

7,280 

1,448,000 

282 

Tension. 

were   of   second 

470 

4X..J 

14  —  0 

Center. 

9,200 

4,260 

1,262,000 

150 

Tension. 

quality,  well    sea- 

473 

3»x  12 
3«x  11S 
2(X  IlJ 

15—0 

Center. 

14,600 

7,1°° 

1,587,000 

265 

Tension. 

soned. 

475 

14  —  0 

Center. 

18,450 

8,570 

i,5g7,ooo 

305 

1  ension. 

477 

14—0 

Center. 

15,500 

11,080 

1,702,000 

385 

Tension. 

HEMLOCK    BEAMS. 


^ 

. 

^ 

3 

I 

u 

«.5 

■ 

£. 

* 

n 

■si 

»  « 

•S  ST 

1 

■ 

Jd 

"o 

j 

"5 
3  ~^ 

08. 

*o 

Remarks. 

*o 
0" 

1 

1 
1 

A 
1 

1 

1 

E 

£0 

3  — 

3 

5  j-, 

H 

Id 

s 

Inches. 

Ft.     In. 

465 

4  x  12 

13  —  0 

Center. 

12,150 

4,900 

1,105,000 

190 

Shear. 

468 

3.1  »  ■"! 

14  —  0 

Center. 

7.950 

3.340 

925tOOO 

123 

Tension. 

47  " 

4  X  12 

14  —  0 

Center. 

10,100 

4,470 

941,000 

161 

tension. 

474 

3$  «  ** 

15  —  0 

Center. 

9,600 

4,700 

I,052,OOO 

.58 

Tension. 

478 

3l  *  12J 

15  —  0 

Center. 

6,600 

3,060 

835,000 

I07 

Tension. 

479 

4x12 

12  —  0 

Center. 

13,700 

5,160 

1,113,000 

2l6 

iension. 

480 

4  X  12 

15  —  0 

Center. 

7,100 

3.390 

1,007,000 

"5 

Tension. 

502 

4x12 

7  —  6 

Center. 

15,850 

3,700 

730,000 

248 

Tension. 

SPRUCE   BEAMS. 


s 

1 

_  .n 

IS  Q. 

il 

A 

i 

•8 
0 

55 

— 
■ 

■ 

1 

w   3 

(5* 

] 

"o 

ll 

I 

3 
I 

s 

■0 

■ 

M 

C 

3 

1 

E 

m 

1* 

0  0. 

3  — 

°i 

3™— v 

o.a  =r 

hi  **  M 

•«5 

"S. 
1  = 

1 

a  j 

Remarks. 

Inches. 

Fl.     In. 

459 

6xt2 

14—0 

Center. 

1 1,600 

3.345 

915,000 

"3 

Tension. 

460 

5ix.«i 

14  —  0 

Center. 

16,350 

7.580 

1,640,800 

184 

(  Crushing,  ten- 
I  sion  and  shear. 

461 

6x12 

14—0 

Center. 

15,600 

4,590 

1,369,000 

■  66 

Shear. 

481 

5*x  12 

15  —  0 

Center. 

21,000 

6,120 

1,845,000 

23' 

Shear. 

488 

6|x  12 

i<j  -  -  o 

Center. 

12,950 

4,900 

1,271,000 

130 

Tension. 

489 

6x  m| 

22  —  0 

Center. 

11,700 

5,800 

1,549,000 

129 

1  Crushing    and 
{ tension. 

491 

5}x  12 

5JX  12 

14  —  0 

Center. 

13.50° 

4,070 

1,117,000 

147 

Tension. 

495 

14  —  0 

Center. 

15.5°° 

4,660 

1,195,000 

168 

Tension. 

496 

6x12 

10  —  0 

Center. 

22,500 

4,7"o 

I,l86,000 

236 

Shear. 

Part  of  beam  No.  489. 

497 

6x12 

10  —  0 

Center. 

24,600 

5, 'SO 

258 

Shear. 

Part  of  beam  No.  489. 

498 

6x12 

15  —  0 

Center. 

5.550 

1,850 

923,000 

60 

Iension. 

49°. 

6  x  12 

15  —  0 

Center. 

16,700 

5,230 

1,274,000 

176 

Tension. 

501 

,6  X   12 

16  —  0 

Center. 

10,800 

3,640 

948,000 

■■5 

Tension. 
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TESTS   ON   HANCOCK   INSPIRATOR   NO.  4,  C. 
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TESTS    ON    HORIZONTAL   BELT    MACHINE  AT   MASSACHUSETTS    INSTI- 
TUTE  OF  TECHNOLOGY,  1894. 
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Oct. 
Oct. 
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Nov.     8 
Nov.     8 
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2,213 
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2,231 

2,228 

0. 
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4 
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1 
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3 
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2,214 

7 

2,154 

2,144 

6 

2,1*1 

2,179 

1 

2,125 

2,114 

8 

2,164 
2,215 

2,154 
2,206 

0 

4 

2,246 

2,244 

2 

2,202 

2,197 

2 

2,220 

2,216 

1 

2,204 

2,198 

3 

2,187 
2,197 

2.179 
2,188 

3 
5 

2,214 

2  211 

4 

2,2l8 

2,212 

4 

2,199 

2, '97 

2 

2.225 

2,222 

2 

2,2o8 

2,202 

1 

2,196 

2,189 

2 

2,209 

2,205 

3 

2,223 

2,220 

1 

2.0 
1-9 
5-3 
5-4 
6.6 
62 
3  7 
7  2 
6.8 
64 
5-i 
7 
5 
4 
1.8 
3 
5 
5 
1 1 
7 
7 
6. 

3 
3 

6. 
2 
6. 
4 
3 
4 


3-2 

3-6 
2.6 
3-' 
1-9 
3-6 
3.6 
4-3 
51 
3-2 
2  9 
36 
2  8 
3-4 
3-3 
1  8 
2.6 
2.2 
7-4 
i-9 
2-7 
'■5 
2.4 
'•7 
3-4 
2-7 
2.9 
3-2 
3-6 
3-7 
3' 
2.6 
2.8 
7° 
2-4 
2.6 
3-3 
4-5 
2-5 
1.9 

'5 
23 
2.9 
I.J 

4-9 
59 
2.9 
30 
4-7 
2.9 
3-o 
3-3 
3-2 
2-4 
3-' 
2.0 
2.0 
3-' 
2-4 
3-i 


'■7 
2.6 
o-7 
'•3 
0.8 
o-7 
'•7 
0.4 
05 
0.2 
o.  1 
4-2 

0.4 
25 

O.I 

0.9 

1.1 
0.0 

0.4 


0.2 
3-7 
05 
0.8 
1.0 
0.6 
03 
0.8 
1-9 
1.2 
1.8 
3.6 
2.1 
1.9 
1  6 
'■9 
'■9 
'•3 
2-5 
■  4 
'•4 
1.8 
2.4 
2-3 
1.0 
1.6 
0.4 
0.6 
'•5 
1.0 
1.6 
4-1 
04 
1.2 


.052 
.103 
.150 
.200 
•254 
.089 
.130 
.218 
.267 
.219 
•'74 
.088 
.130 
.267 
■174 
,oH 
■'74 
.130 
.2.9 
.266 
.246 
.138 
.070 
.104 
■'73 
.070 
.209 
.070 
.104 
■73 
•037 
■031 
.086 
.114 

•  143 
.202 
.172 

•  2!3 
.031 
.058 
.086 

•  172 
.050 

•147 
.220 

•171 
.050 
•°74 
.097 
..46 
.136 
•159 
.113 
.091 
.069 
.047 
.091 
.136 
.069 
.047 
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THE    OCCURRENCE    OF   TRIMETHYLENE   GL  YCOL  AS  A 
BY-PRODUCT  IN  THE  GLYCERINE  MANUFACTURE. 

By  ARTHUR  A.  NOYES  and  WILLARD  H.  WATKINS. 
Received  August  15,  189s. 

During  the  past  winter  our  attention  was  called  to  an  unusual  w 
difficulty  experienced  by  one  of  the  soap  making  firms  in  the  neigh- 
borhood of  Boston  in  obtaining  their  glycerine  of  the  required  com- 
mercial specific  gravity.  The  information  furnished  in  regard  to  it 
indicated  the  presence  in  the  glycerine  of  some  uncommon  impurity ; 
and  a  considerable  quantity  of  the  "light  stuff"  having  been  gener- 
ously placed  at  our  disposal  by  the  soap  company,  we  were  enabled  to 
investigate  it.  It  was  submitted  to  fractional  distillation,  first  at  dimin- 
ished and  then  at  ordinary  pressure,  and  a  liquid  boiling  between  2140 
and  2 1 70  at  760  mm.  was  thus  separated  from  it.  This  liquid  was  found 
to  have  a  specific  gravity  of  1.056  at  20°/i5°,  and  gave  the  following 
results  on  analysis  : 

Found.  Calculated  for  CsH,0,. 

C        47.52  47.37 

H      10.46  1053 

The  substance  is,  therefore,  trimethylene  glycol,  which  has  a  boil- 
ing point  of  214°  and  a  specific  gravity  at  i8°/o°  of  1.0526.  The 
isomeric  propylene  glycol  boils  at  i88°-i89°,  and  has  a  specific  grav- 
ity of  1.0403  at  i9.4°/o°.  The  "light  stuff"  contained  a  very  consid- 
erable proportion,  about  38  per  cent.,  of  the  glycol. 

The  origin  of  the  glycol  is  a  matter  of  considerable  interest. 
There  is  little  doubt  that  it  was  produced  by  fermentation  of  the 
glycerine.  For  it  has  already  been  shown  by  Freund '  that  trimethyl- 
ene glycol  is,  in  fact,  one  of  the  principal  fermentation-products  of 
that  substance.  It  is,  moreover,  highly  probable  that  the  glycol  was 
present  in  the  fat  before  saponification  by  the  alkali,  as  the  fermenta- 
tion can  hardly  have  taken  place  in  the  soap  lye,  both  on  account  of 


1  Monatshefte  fiir  Chemie,  2,  638. 
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its  saline  character  and  on  account  of  the  short  time  intervening  be- 
tween the  saponification  and  the  recovery  of  the  glycerine.  It  had 
probably  been  produced  in  the  fat  by  spontaneous  saponification  and 
subsequent  fermentation  of  the  glycerine.  Refuse  house  fat  formed 
a  considerable  portion  of  the  soap  stock. 

The  presence  of  the  glycol  in  glycerine  used  for  making  nitro- 
glycerine might  be  a  source  of  danger,  since  it  reacts  with  nitric  acid 
much  more  violently  than  glycerine  does.  Its  presence  would  be  de- 
tected in  the  usual  examination  by  a  low  specific  gravity,  accompanied 
by  a  high  oxidation  equivalent,  as  shown  by  the  bichromate  titration. 

Massachusetts  Institute  of  Technology, 
August,  /8<?j. 
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THE  EQUIPMENT  OF  MINING  AND  METALLURGICAL 
LABORATORIES.1 

By  H.  O.  HOFMAN. 
Received  September  3,  1895. 

The  mining  and  metallurgical  laboratory,  as  we  understand  the 
term  in  this  country,  is  a  place  in  which  mechanical  and  chemical 
working-tests  are  made  on  ores,  fuels,  and  furnace  materials.  It  is  of 
quite  recent  origin.  The  first  laboratory  of  this  kind  to  be  used  in 
connection  with  teaching  was  put  into  operation  in  1871  at  the  Massa- 
chusetts Institute  of  Technology.2  The  idea  had  already  existed  in 
the  mind  of  President  W.  B.  Rogers  when  he  wrote,  in  1864,  his 
pamphlet  on  "  The  Scope  and  Plan  of  the  School  of  Industrial  Sci- 
ence of  the  Massachusetts  Institute  of  Technology ; "  but  several 
years  elapsed,  and  an  extended  visit  to  the  mines  and  mills  of  Colo- 
rado, Utah,  Nevada,  and  California  was  required  before  this  idea  could 
take  a  form  adapted  to  the  purposes  of  original  research  as  well  as  of 
instruction.  The  laboratory  was  given  from  the  first  into  the  charge 
of  Professor  R.  H.  Richards,  who,  by  improving  its  methods  and  en- 
larging its  scope,  has  brought  it  to  the  position  which  it  occupies  to- 
day as  the  leading  representative  of  its  class.  Private  laboratories  for 
making  tests  upon  ores  had  previously  existed  here  and  there,  espe- 
cially on  the  Pacific  Coast,  for  silver  and  gold  ores ;  but  in  the  educa- 
tional field  the  Massachusetts  Institute  of  Technology  was  the  pio- 
neer. To-day  there  is  hardly  a  school  of  mines  in  this  country  that 
has  not  a  more  or  less  complete  mining  and  metallurgical  laboratory. 
In  European  mining  schools  there  is  very  little  laboratory  teaching. 
Most  of  them  are  located  in  mining  districts,  where  the  students  can 


'  Read  before  the   American   Institute  of  Mining  Engineers  and  the   Society  for  the 
Promotion  of  Engineering  Education. 

aR.  H.  Richards,  Transactions  American  Institute  of  Mining  Engineers,  1,400. 
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personally  see  and  engage  in  the  practical  work  of  mining,  concen- 
trating, and  smelting.  Those  which  are  in  large  cities,  at  a  distance 
from  mines,  labor  under  a  great  disadvantage.  The  student  only  sees 
practical  work  when  he  makes  an  occasional  visit  to  mining  regions, 
and  is  otherwise  left  entirely  to  theory.  It  must  not  be  inferred,  how- 
ever, that  the  location  of  a  school  in  a  mining  district  can  make  the 
laboratory  superfluous.  On  the  contrary,  one  who,  like  the  present 
writer,  has  received  his  training  in  such  a  school,  sees  clearly  after- 
wards how  one-sided  becomes  the  teaching  in  a  mining  district  with- 
out the  addition  of  such  laboratory  work.  The  instructor  is  only  too 
liable  to  give  most,  if  not  all,  of  his  time  to  elaborating  unnecessary 
details  of  the  local  methods,  past  as  well  as  present,  and  to  pass  over 
with  amazing  celerity  those  branches  of  the  subject  not  represented 
in  his  district.  Yet  even  as  regards  local  work,  upon  which  he  puts 
such  undue  stress,  he  is  likely  to  be  too  theoretical,  because,  not  being 
practically  engaged  in  it  or  able  to  apply  such  tests  as  are  furnished 
in  the  laboratory,  he  necessarily  falls  into  too  abstract  a  way  of  view- 
ing the  whole  subject.  The  result  is  that  his  instruction  tends  to  pro- 
duce theorists,  who  speak  with  unwarranted  assurance  concerning  the 
most  difficult  problems  which  the  engineer  has  to  solve,  but  who,  if 
confronted  with  a  simple,  concrete  question,  are  at  a  loss  what  to  do. 

That  this  lack  of  laboratory  training  in  German  technical  schools 
(which  are  among  the  foremost  in  Europe)  is  beginning  to  be  realized 
as  a  defect,  was  evidenced  by  the  intense  interest  and  careful  study 
bestowed  upon  the  subject  by  the  commissioners  who  came  to  the 
Columbian  Exposition  two  years  ago.  They  did  not  hesitate  to  praise 
our  system  and  to  express  the  hope  that  it  might  be  adapted  to  meet 
their  necessities  on  the  other  side  of  the  Atlantic. 

The  mining  and  metallurgical  laboratory,  then,  as  developed  in  this 
country,  may  be  considered  a  necessary  adjunct  to  every  school  of 
mining  engineering.  In  it  the  lecture  instruction  is  illustrated  with 
practical  experiments,  carried  out  by  the  students  themselves.  But  it 
has  also  a  larger  scope.  By  the  method  of  experiment  the  student 
learns  how  to  take  hold  of  each  problem  as  it  presents  itself  and 
carry  it  through  the  different  stages  until  it  is,  or  the  reason  is  discov- 
ered why  it  cannot  be,  satisfactorily  solved.  He  is  thus  taught  to  ob- 
serve closely,  to  make  careful  notes,  to  compare  the  results  obtained 
and  draw  his  own  inferences  and  conclusions,  and,  finally,  to  report 
what  he  has  done  in  clear  and  accurate  language. 
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In  fitting  up  a  laboratory  we  have  to  consider  only  the  depart- 
ments of  mechanical  concentration  and  metallurgy.  Practical  mining 
can  be  taught  only  in  the  mine.  Some  schools  (for  instance,  the  one 
at  Ballarat,  Victoria,  Australia)  are  provided  with  a  model  of  full  nat- 
ural size,  showing  a  shaft  with  the  lode,  crosscuts,  etc.  While  this, 
apart  from  the  question  of  expense,  is  an  improvement  on  the  small 
models  formerly  so  extensively  found  at  schools,  it  cannot  but  give 
a  false  impression  of  what  a  mine  really  is.  The  practical  study  of 
mining,  in  this  country  at  least,  is  carried  on  to-day  in  "  summer 
schools."  The  students  spend  some  time  in  mines,  going  systematic- 
ally through  the  different  kinds  of  work,  and  thus  becoming  suffi- 
ciently familiar  with  mine  operations  to  listen  understandingly  to  lec- 
tures on  the  subject.  It  is  the  merit  of  Professor  H.  S.  Munroe,  of 
Columbia  College,  to  have  given  to  the  summer  school  of  mining  such 
an  impetus  that  to-day  there  is  hardly  an  American  mining  school 
without  this  auxiliary  course. 

Before  discussing  in  detail  the  equipment  of  a  laboratory,  it  is 
desirable  to  consider  the  relation  which  the  laboratory  plant  should 
bear,  as  regards  general  arrangement  and  the  kind  and  size  of  appa- 
ratus, to  the  large-scale  working  plant  of  actual  practice.  A  commer- 
cial concentrating  works,  for  example,  must  treat  daily  a  considerable 
quantity  of  ore,  and  must  work  cheaply,  which  can  only  be  done  if  the 
machines  are  so  connected  with  one  another  that  the  ore  shall  receive 
a  minimum  amount  of  handling  after  the  work  is  once  under  way.  In 
the  laboratory,  on  the  other  hand,  the  work,  being  purely  experimental, 
must  be  carried  on,  step  by  step,  in  a  deliberate  and  tentative  way ; 
and  it  is  therefore  essential  that  the  operator  shall  be  able  to  inspect 
the  material  under  treatment  before  and  after  every  operation.  Con- 
sequently the  machines  must  be  separate,  that  they  may  be  easily 
accessible  for  starting,  stopping,  accelerating  and  retarding,  and  may 
be  connected  at  will ;  in  short,  that  the  work  may  be  modified  indefi- 
nitely under  the  immediate  eye  of  the  experimenter.  A  laboratory 
in  which  this  principle  is  neglected  carries  in  it  the  germ  of  failure. 
The  writer  was  once  connected  with  such  an  establishment,  in  which 
a  full-sized  ore-dressing  plant  had  been  erected  according  to  the  plan 
followed  in  commercial  work,  viz.,  the  crushed  ore  was  raised  by  a 
bucket  elevator  to  a  set  of  screens  placed  in  a  line  step-wise,  one  dis- 
charging into  the  other,  and  the  sized  products  falling  directly  upon 
the   jigs  and   the  table   below.      Of   course  a  few  tons  of   ore  were 
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quickly  disposed  of,  but  when  the  products  obtained  were  examined 
after  the  experiment,  the  observer  did  not  know  very  much  more  than 
he  had  known  before.  Such  a  working  plant  may  be  of  some  value 
for  obtaining  more  accurate  quantitative  results  after  all  the  neces- 
sary details  have  been  determined  by  the  use  of  detached  machines, 
but  it  will  do  little  more  than  substantiate  what  has  already  been 
sufficiently  proven. 

There  are  two  opposite  views  concerning  the  kind  and  size  of  ma- 
chinery proper  for  laboratory  use.  One  holds  that  it  should  follow 
as  closely  as  possible  that  of  a  working  plant.  The  other  maintains 
the  superiority  of  somewhat  different  and  smaller  apparatus  as  better 
suited  to  experimental  purposes,  and  also  more  economical.  Having 
tried  both  kinds,  the  writer  decidedly  prefers  the  latter,  especially  for 
educational  purposes,  and  is  of  the  opinion  that  there  are  few  mechan- 
ical questions  to  which  a  machine  smaller  than  the  commercial  size 
cannot  give  a  satisfactory  answer.  In  addition  to  economy,  conven- 
ience, and  other  considerations,  the  saving  of  physical  strain  upon  the 
student  secured  by  the  smaller  apparatus  is  of  importance.  Fatiguing 
operations,  especially  for  those  unaccustomed  to  the  work,  exhaust  the 
powers  and  unfit  the  student  for  mental  effort. 

The  best  size  for  the  single  machine  can  only  be  arrived  at  by 
repeated  trials,  which  have  now  been  made  for  almost  all  given  cases, 
as  will  be  shown  later  on. 

In  the  discussion  of  the  details  of  a  laboratory  it  will  be  more 
profitable  to  start  from  the  basis  of  an  actual  working  laboratory, 
whatever  may  be  its  defects,  than  from  an  imaginary  perfect  one. 
The  laboratories  of  the  Massachusetts  Institute  of  Technology,  shown 
in  plan  in  Figure  i,  may  well  serve  this  purpose. 

The  following  are  the  different  rooms,  pieces  of  apparatus,  etc., 
referred  to  by  numbers  in  Figure  i.  In  the  present  paper  numbers 
inclosed  in  brackets  are  to  be  understood  as  referring  to  this  figure. 
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1. 

Milling  room. 

42. 

Stack. 

2. 

Blake  Challenge  rock-breaker. 

43. 

Iron  table. 

3. 

Cornish  rolls. 

44. 

Balance  room. 

4. 

Gates  rock-breaker. 

45. 

Button  balances. 

5. 

Hendrie-Bolthoff  sample-grinder. 

46. 

Storeroom. 

6. 

Iron  sampling-floor. 

47. 

Storeroom. 

7. 

Cornish  feeder. 

48. 

Furnace  room. 

8. 

Automatic  feed-trough. 

49. 

Blacksmith's  forge. 

9. 

Richards  Spitzlutte. 

50. 

Anvil. 

10. 

Coarse  Collom  jig. 

51. 

Blacksmith's  table. 

11. 

Fine  Collom  jig. 

52. 

Water-jacket  blast  furnace. 

12. 

Convex  continuous  round  table. 

53. 

Furnace  ore- bins. 

13. 

Hendy  Improved  Challenge  ore-feeder. 

54. 

Bruckner  roasting-cylinder. 

14. 

Stamp-battery. 

55. 

Copper  refining  furnace. 

IS. 

Amalgamated  plates. 

56. 

Large  hand- roasting  reverberatory. 

16. 

Frue  vanner. 

57. 

Roasting-stall. 

17. 

Richards  movable  sieve-jig. 

58. 

Cast-iron  kettle. 

18. 

Water  tanks. 

59. 

Larger  cupelling  furnace. 

19. 

Steam-drying  tables. 

60. 

Small  hand-roasting  reverberatory. 

20. 

Bucking-plates  and  Taylor  hand-crusher. 

61. 

Small  cupelling  furnace. 

21. 

Sampling  table. 

62. 

Pot  furnaces. 

22. 

Ore-bins. 

63. 

Space  to  grow  in. 

23. 

Pounding  block. 

64. 

Professors'  laboratory. 

24. 

Upright  engine. 

65. 

Table  for  electrolytic  work. 

24.1 

.  Morrel  agate  mortars. 

66. 

Experimental  Spitzlutte. 

25. 

Dynamo,  50  V  by  50  A. 

67. 

Chemical  desks. 

26. 

Dynamo,  2  V  by  50  A. 

68. 

Hood. 

26.1 

.  Revolving  barrel. 

69. 

Blow-pipe  room. 

27. 

Depositing  table. 

70. 

Tables. 

28. 

Leaching  tubs. 

71. 

Cases  for  apparatus,  etc 

29. 

Larger  amalgamating  pans. 

72. 

Sink. 

30. 

Small  amalgamating  pans. 

73. 

Library. 

31. 

Settler. 

74. 

Bookcases. 

32. 

Tank. 

75. 

Space  to  grow  in. 

33. 

Space  to  grow  in. 

76. 

Table. 

34. 

Storeroom. 

77. 

Professors'  desks. 

35. 

Blacksmith's  drilling  machine. 

78. 

Lithographic  notes,  etc. 

36. 

Carpenter's  bench. 

79. 

Toilet  room. 

36.1 

.  Ball-mill. 

80. 

Lockers. 

37. 

Assay  room. 

81. 

Basins- 

38. 

Students'  desks. 

82. 

Closets. 

39. 

Pulp  balances. 

83. 

Professors'  room. 

40. 

Muffle  furnaces. 

84. 

Stack. 

41. 

Crucible  furnaces. 

These  laboratories  are  located  in  the  basement  of  the  Rogers  Build- 
ing, the  main  building  of  the  Institute,  and  comprise  the  entire  de- 
partment of  mining  engineering  and  metallurgy,  with  the  exception 
of  the  lecture  rooms  and  collections.     While  at  first1  all  the  metal- 


1  R.  W.  Raymond,  Statistics  of  Mines  and  Mining,  1874,  pp.  499,  500. 
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lurgical  work,  including  dry  assaying,  was  done  in  the  room  marked 
[48],  and  the  milling  work  in  the  space  now  covered  by  machines  [13] 
and  [16],  there  are  to-day  a  separate  furnace  room  [48],  an  assay  and 
balance  room  [37,  44],  a  milling  room  [1],  and  a  blow-pipe  room  [69]. 
To  these  may  be  added  two  storage  rooms  [46,  47],  a  toilet  room 
[79],  a  library  [73],  and  the  private  laboratory  [64]  and  office  \yj\ 
Upon  closer  inspection  it  will  be  seen  that  the  apparatus  is  pretty 
closely  crowded.  Although  there  is  some  "space  to  grow"  [33,  63,  75], 
and  there  are  places  near  [1]  and  [33]  still  open,  there  is  little  room 
for  additional  permanent  machinery,  the  available  space  being  neces- 
sary for  erecting  temporary  apparatus  and  giving  room  to  move  about 
in.  A  laboratory  built  to-day  with  a  liberal  allowance  of  space  and  of 
funds  would  probably  be  planned  somewhat  differently  as  regards  gen- 
eral arrangement,  and  would  also  possess  a  larger  amount  and  variety 
of  apparatus.  The  work  in  it  would  be  easier,  and  could  be  more  con- 
veniently and  quickly,  but  not  better,  done. 

In  discussing  the  machines  and  furnaces,  sufficient  data  will  be 
given  to  enable  the  reader  to  form  a  clear  idea  of  the  relation  which 
the  laboratory  apparatus  bears  to  that  used  in  large-scale  work. 

The  apparatus  of  the  laboratory  is  best  classed  under  three  heads, 
corresponding  with  its  purposes  : 

A.  ■ —  Concentrating. 

B.  —  Sampling  and  Assay. 

C.  —  Metallurgical. 

A.  —  Concentrating  Apparatus. 

1.  Coarse  Crushing.  —  Coarse  crushing  is  represented  by  the  Blake 
Challenge  rock-breaker  [2],  with  a  receiving  capacity  of  4!  by  5  inches, 
and  the  Gates  rock-breaker  [4],  with  a  receiving  hopper  12  inches  in 
diameter.  The  machines  are  at  a  sufficient  height  above  the  platform 
to  allow  a  wheelbarrow  or  bucket  to  be  placed  below  the  discharge. 
A  pipe,  connected  with  a  small  suction  fan,  serves  to  carry  off  the 
dust,  if  desirable.  The  Blake  is  used  for  crushing  lump  ore,  the  jaws 
being  set  1^  inches  apart ;  the  Gates  for  smaller  sizes,  the  liners  being 
set  at  \  inch.  The  Dodge  and  Lowry  crushers  may  be  added  to  the 
plant  if  it  is  desired  to  crush  ore  more  uniformly  than  can  be  done 
with  the  Blake  or  the  Gates  type,  but  this  will  hardly  be  necessary 
for  the  testing  of  ores,  although  it  might  be  useful  for  illustrating 
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Fig.  2. 


Stamp- Battery  and  Amalgamated  Plates. 
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Fig.  3 


A   Pair  of  Two- Sieve  Collom  Jigs. 


KiK.  4. 


Bruckner  Roasting- Furnace. 


Fig-  5- 


Water-jacket  Furnace  for  Smelting  Lead  and  Copper  Ores. 
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Fig.  6. 


Furnaces   for  Pot-Melting,  with  Travelling  Lift   for  Covers. 


Fig.  7- 


Laboratory  Amalgamating- Pans. 
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RICHARDS  LABORATORY   AMALGAM  ATI  NG-PAN. 
SCALE:    2  inches  -  1  foot 


Am.Cauk  Note  Co.N.Y. 


Fig.  9. 


Leaching-Tubs  Arranged  for  Mechanical  Stirring. 
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class  work.  The  small  Taylor  hand-crusher  [20]  is  very  convenient 
for  breaking  up  specimens. 

2.  Fine  Crushing.  —  For  fine  crushing  there  are  a  pair  of  Cornish 
rolls,  a  stamp-battery,  a  non-discharging  ball-mill,  sets  of  pans,  a  sam- 
ple-grinder, and  bucking-plates. 

The  Cornish  rolls  [3],  9  inches  in  diameter  and  9  inches  in  face, 
are  of  chilled  iron,  without  the  outside  shell  so  common  for  large-scale 
work ;  are  driven  by  direct  and  cross  belt,  and  make  70  revolutions 
per  minute.  The  pressure  on  the  sliding  box  is  maintained  by  springs. 
The  rolls  have  a  large  feed-hopper,  with  adjustable  discharge-slot,  hold- 
ing about  100  pounds  of  quartzose  ore.  The  crushed  ore  is  directed 
by  three  converging  pieces  of  sheet  iron  (a  short,  steep  one  at  the 
back,  and  a  long,  flatter  one  on  either  side)  towards  an  oblong  opening> 
$\  by  27  inches,  through  which  it  drops  into  an  oblong  sheet-iron  box, 
14  by  36  inches,  of  No.  22  iron,  with  sides  6  inches  and  ends  4  inches 
deep.  The  upper  edges  of  all  sheet-iron  boxes  or  vessels  used  in  the 
laboratory  are  bent  around  a  ^-inch  iron  rod  to  give  them  strength, 
and  are  painted  with  asphalt  varnish.  If  the  ore  is  to  be  screened, 
an  oblong  wooden  screen-frame,  54  by  11  inches  inside  dimensions, 
made  of  2 J-  by  |-inch  wood,  and  closed  at  the  upper  end,  is  suspended 
in  a  slightly  inclined  position  from  four  iron  (T5g-inch)  hooks  from  the 
wooden  frame  of  the  rolls,  and  oscillated  by  an  eccentric  of  i-inch 
throw  and  200  shakes  per  minute,  driven  from  the  main  shaft  below. 
The  ore  drops  upon  a  piece  of  sheet  iron,  11  by  12  inches,  in  the 
upper  end  of  the  frame,  passing  over  which  it  comes  to  the  screen 
(54  by  1 2  ^  inches).  Through  this  the  finer  parts  fall  into  a  sheet-iron 
box,  while  the  coarser  ones  are  carried  over  into  another  which  adjoins 
the  first.  The  screens  are  fastened  to  the  lower  sides  of  their  frames 
by  means  of  angle  hoop-iron  and  screws. 

The  crushing  capacity  of  the  rolls  per  hour  is  600  pounds  of 
quartzose  ore  to  1-inch  size,  or  300  pounds  to  |-inch,  or  150  pounds 
to  -^g-inch.  While  they  serve  their  purpose  for  fine  crushing,  as  a 
preliminary  operation  in  ore  dressing,  yet,  if  ore  is  to  be  rolled  previ- 
ous to  chloridizing  and  leaching,  Krom  rolls  are  very  desirable  for  fin- 
ishing, the  Cornish  rolls  serving  in  that  case  as  roughing  rolls. 

Roller  mills,  such  as  the  Huntington,  Griffin,  and  Tustin,  or  dis- 
charging ball-mills,  such  as  the  Bruckner,  while  doing  satisfactory 
work  in  dry  and  wet  rolling,  are  better  suited  for  the  mill  than  the 
laboratory,  on  account  of  the  difficulty  of  cleaning  up. 
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The  stamp-battery  [14  and  Figure  2]  is  of  the  California  pattern. 
It  has  the  usual  single-discharge  mortar  for  wet  crushing,  but  only 
three  stamps ;  the  weight  of  the  stamps  is  228  pounds  ;  the  mortar 
bottom  is  19I  by  6  inches  ;  the  depth  5  inches  ;  the  discharge  surface 
20  by  iol  inches  ;  the  screen  frame  2\\  by  13  inches  ;  and  the  screen 
surface  1 8|  by  g\  inches.  The  cams  permit  the  lifting  of  the  stamps 
to  a  height  of  8  inches.  The  rate  of  crushing  Nova  Scotia  gold 
quartz  with  a  7-inch  height  of  discharge,  a  length  of  drop  of  5^  inches 
and  98  drops  per  minute  is  3,353  pounds  in  twenty-four  hours,  or 
1  pound  for  every  4,198  foot-pounds  developed.  With  a  7^-inch  drop 
and  60  drops  per  minute,  it  is  2,117  pounds,  or  1  pound  for  every 
5,816  foot-pounds.  The  coarsely  crushed  ore  is  fed  to  the  battery  by 
a  Hendy  Improved  Challenge  Ore-Feeder  [13].  A  double-discharge 
mortar,  of  which  one  side  can  be  closed  by  an  iron  plate,  will  soon 
replace  the  old  mortar,  so  that  in  the  laboratory  it  will  be  possible  to 
do  both  dry  and  wet  stamping.  In  planning  a  new  mill  a  battery  with 
three  stamps  would  not  be  chosen.  The  choice  would  lie  between  a 
5-stamp  battery  of  light  stamps,  say  300  pounds  each,  a  1-  or  2-stamp 
battery,  the  stamp  weighing  750  pounds,  and  a  steam  stamp.  The 
5-stamp  battery  has  the  advantage  that  the  same  number  of  stamps  is 
used  as  in  common  practice.  It  would  not  be  feasible  to  have  a  full- 
size  5-stamp  battery,  as  it  entails  too  much  work  and  requires  more 
ore  than  is  convenient  and  suitable  for  experimental  work  in  the  labo- 
ratory. The  1-  or  2-stamp  battery  with  750-pound  stamps  dropping 
in  a  narrow  double-discharge  mortar,  one  side  of  which  could  be  closed 
at  will,  the  discharge  to  be  on  a  level  with  the  base  of  the  die  and  to 
be  raised  by  chuck-blocks  to  16  inches,  and  the  stamps  to  have  a 
length  of  drop  of  from  4  to  10  inches,  would  be  very  acceptable.  The 
results  obtained  with  it  would  resemble  very  closely  those  of  large- 
scale  work.  As  to  the  desirability  of  a  steam  stamp  for  laboratory 
use,  the  writer  feels  himself  at  present  unable  to  express  an  opinion. 

The  other  fine-crushing  apparatus,  such  as  the  ball-mill,  the  pan, 
the  sample-grinder,  the  bucking-plate,  etc.,  will  be  discussed  under  the 
heads  of  sampling  and  metallurgical  apparatus. 

3.  Sizing. — The  sizing  or  sifting  of  ore  is  more  tedious  in  the 
laboratory  than  it  is  in  the  mill,  because  the  screening  surface  is  neces- 
sarily smaller,  and  all  sifting  has  to  be  done  without  the  use  of  water. 
If  there  is  only  a  moderate  quantity  of  ore,  the  sizing  is  best  done  by 
hand  on  a  platform  covered  with  an  iron  plate  [6].    Sieves  with  wooden 
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frames  from  24  to  18  inches  in  diameter,  and  iron  or  brass  wire  gauze 
having  from  4  to  20  meshes  to  the  linear  inch,  are  well  suited  for  this 
purpose.  With  very  small  quantities  of  ore,  nests  of  sieves  with  metal 
frames,  8  inches  in  diameter,  and  wire  gauze,  ranging  from  20-  to  120- 
mesh,  are  convenient,  the  screenings  to  be  caught  in  a  metal  pan. 
With  large  quantities  of  ore  the  sifting  has  to  be  done  by  machinery, 
and  the  shaking  sieves  referred  to  above  are  used  for  this  purpose. 
There  are  fourteen  of  these,  representing  the  sizes  2-,  4-,  5-,  6-,  8-,  10-, 
1 2-,  16-,  20,  30-,  40-,  50-,  60-,  and  80-mesh.  They  sift  per  hour  about 
2,000  pounds  of  8-mesh  ore,  1,000  pounds  of  ore  ranging  from  14-  to 
30-mesh,  300  pounds  of  50-mesh,  and  about  1 50  pounds  of  60-  to  80- 
mesh  material.  As  this  work  is  somewhat  slow,  it  is  better  to  do  it  in 
separate  sizing  boxes.  Two  inclined  boxes,  having  screens  of  3-,  10-, 
18-,  30-,  and  60-mesh,  and  4-,  8-,  14-,  24-,  and  50-mesh,  respectively,  are 
satisfactory  for  the  purpose.  They  are  made  of  ^-inch  pine,  are  90 
inches  long,  18  inches  wide,  and  5  inches  deep,  and  have  wooden  cov- 
ers screwed  down  on  a  felt  band.  They  are  oscillated  200  times  per 
minute  by  an  eccentric  and  connecting  rod,  which  gives  them  an  end- 
shake.  The  ore  is  fed  into  the  hopper  at  the  upper  end,  and  drops  on  a 
piece  of  galvanized  iron,  whence  it  passes  on  to  the  first  (the  coarsest) 
sieve.  What  is  too  coarse  to  pass  strikes  a  dam  at  the  opposite  end 
and  is  discharged  into  a  vertical  spout  at  the  side,  to  which  a  cloth  bag 
is  attached,  through  which  it  passes  into  a  pail.  It  would  seem  as  if 
the  Coxe  gyrating  screen,  which  does  such  excellent  work  in  sizing  all 
sorts  of  minerals,  might  well  be  suited  for  laboratory  purposes,  either 
in  the  form  of  a  single  screen  or  a  nest  of  screens.  The  trommels,  as 
commonly  employed  in  large-scale  working  plants,  are  out  of  place  in 
a  laboratory.  If  a  trommel  is  to  be  used,  the  polygonal  form  seems 
the  most  suitable,  as  the  different  screens  could  be  easily  adjusted  and 
removed.     It  would  be  necessary  in  ail  cases  to  house  the  trommel. 

4.  Hydraulic  Classification.  —  Hydraulic  grading  is  done  at  pres- 
ent in  the  Institute  laboratory  only  in  an  ascending  current  of  water. 
Grading  in  a  horizontal  current  of  water,  or  Spitakasten,  will  shortly 
be  introduced,  as  it  has  been  proved  to  be  indispensable  for  the  suc- 
cessful working  up  of  fine  slimes.  Now  the  fine  sands  and  slimes  are 
only  settled,  but  not  graded.  Hydraulic  classification  is  practiced  with 
small  samples  of  finely  pulverized  ore,  as  a  preliminary  test  before  work- 
ing small  lots.     The  samples  are  treated  in  the  Richards  pointed  tube,1 
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where  the  mixed  sands,  held  in  equilibrium  by  an  ascending  stream  of 
water,  are,  by  slightly  slackening  the  current,  drawn  off  slowly  into  the 
glass  bulb,  which,  when  filled,  is  exchanged  for  another.  The  contents 
of  each  bulb  are  then  separately  sifted  through  a  nest  of  graded  sieves, 
and  weighed  and  examined  to  find  out  just  how  effective  the  work  has 
been,  and  what  will  be  the  best  sieve  size  for  the  trial  test.  In  work- 
ing, the  material,  after  it  has  been  crushed  to  the  proper  size,  is  passed 
through  the  automatic  feed-trough  [8],  or  the  Cornish  feeder  [7],  into 
a  Richards  Spitzlutte  [9],  when  the  discharge  of  the  spigot  will  go  to 
the  jigs  [10  and  11],  and  the  overflow  either  to  the  vanner  [16]  or  the 
slime  table  [12],  or  first  to  the  former,  and,  as  tailings,  to  the  latter. 
It  is  proposed  to  have  the  overflow,  when  worked  directly  on  the  slime 
table,  run  first  over  a  Spitzkastcn,  and  then  to  feed  separately  the 
spigot  discharge,  thus  insuring  better  work.  Another  way  of  using 
the  Richards  Spitzlutte  is  to  feed  only  carefully-sized  ore,  when  the 
spigot,  in  many  cases,  will  give  clean  heads  and  the  overflow  clean 
tailings,  provided  there  are  no  included  grains.  The  capacity  of  the 
Spitzlutte  with  a  ^-inch  spigot  is  about  |  of  a  ton  of  sized  material  to 
1   ton  of  mixed  material  per  hour. 

The  automatic  feed-trough  and  the  Cornish  feeder  serve  to  convert 
dry  pulverized  ore  into  liquid  pulp,  delivering  it  to  the  Spitzlutte,  the 
jigs,  or  the  slime- washers.  The  feed-trough  is  of  wrought  iron,  10 
inches  wide  at  the  top,  3  inches  at  the  bottom,  and  7  feet  long,  and  is 
placed  in  an  inclined  position  on  a  wooden  trestle.  On  the  inner  side 
the  trough  is  marked  off,  so  that  the  same  quantity  of  ore  may  be 
washed  down  by  the  traveling  jet  in  the  same  interval  of  time,  which 
is  usually  one  minute.  The  traveling  jet  is  a  |-inch  iron  pipe,  pointed 
downward  and  fixed  in  a  wooden  truck,  having  two  of  its  wheels  on 
one  edge  of  the  trough,  and  the  other  on  a  rail  3  inches  away  from 
the  opposite  edge.  The  pipe  is  connected  by  a  rubber  hose  with 
the  water  main.  The  carriage  is  pulled  up  the  inclined  trough  by  a 
weighted  cord,  running  over  a  pulley  at  the  upper  end  of  the  trough 
to  a  shaft  near  the  roof,  around  which  it  is  wound  once  or  twice  and 
kept  taut  by  the  weight.  To  this  weight  is  fastened  a  second  cord, 
running  over  a  pulley  near  the  roof  to  the  lower  end  of  the  trough, 
which  serves  to  raise  the  weight,  and  thus  to  lower  the  carriage.  In 
order  to  prevent  the  rubber  hose  from  obstructing  the  upward  travel 
of  the  carriage  and  the  even  flow  of  the  water,  it  is  suspended  from 
the  rail  by  small  grooved  wheels,  and  the  loops  are  replaced  by  six  iron 
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pipe  return-bends.  Thus  the  suspended  hose  shows  three  zigzags, 
which  are  close  together  when  the  carriage  is  at  the  lower  end  of  the 
trough,  and  separate  as  it  travels  upward,  but  are  held  together  at  the 
upper  ends  by  strings,  which  do  not  allow  them  to  get  more  than  24 
inches  apart. 

The  Cornish  automatic  feeder  is  a  four-sided  truncated  pyramid  of 
sheet  iron.  It  is  24  inches  high,  and  the  bases  are  18  and  12  inches 
square.  To  the  smaller  base  are  attached  four  legs,  on  which  it  stands 
in  a  sheet-iron  box,  16  inches  square  and  6  inches  deep,  contracted  at 
one  end  into  a  spout.  The  legs  (pieces  of  angle  iron)  firmly  connect 
the  hopper  and  the  box,  leaving  a  distance  of  |  inch  between  them  for 
the  ore  to  pass  through.  This  is  charged  into  the  hopper,  and  washed 
down  the  spout  by  a  jet  of  water  playing  usually  between  the  walls  of 
hopper  and  box,  but  occasionally  (if  especially  quick  feeding  is  desired) 
upon  the  ore  in  the  hopper. 

5.  Jigging. — The  jigs  in  use  for  water  sorting  are  plunger-jigs 
and  movable  sieve-jigs.  The  former  are  represented  by  two  Collom 
jigs  [10  and  [I,  and  Figure  3],  used  for  ores  ranging  from  30-  to  5- 
mesh,  the  latter  by  a  Richards  jig  [17]  for  sizes  larger  than  5-mesh. 

The  Collom  jigs  are  t.wo-compartment  machines.  They  are  sup- 
ported by  a  V-shaped  iron  frame  on  either  end.  The  screen  frames 
are  1 2.1,  by  18J  inches.  The  length  of  stroke  is  adjustable  to  |  inch, 
and  the  number  of  strokes  can  be  varied  by  the  use  of  three  step- 
pulleys,  8,  10,  and  12  inches  in  diameter,  from  130  to  180  per  minute. 
The  ore  coming  from  the  feed-trough,  the  feed-hopper,  or  the  spigot  of 
the  Spitzkasten  travels  over  the  jig,  while  the  tailings  at  the  opposite 
end  are  collected  and  unwatered  in  a  sheet-iron  box.  From  this  they 
are  drawn  at  intervals,  while  the  water  which  overflows  goes  into  the 
water  tanks  [18].  The  jigs  have  no  automatic  discharge  for  concen- 
trates, since,  for  the  purposes  of  instruction  and  experiment,  it  is 
better  to  stop  them  every  little  while  and  skim  off  the  different  layers 
formed.  The  manner  of  working,  therefore,  is  the  same  as  that  of 
large-scale  one-compartment  jigs.  The  reason  for  having  a  two-com- 
partment jig  is  that  "every  machine,  as  far  as  practicable,  should  have 
its  guard."1  Any  middle  product  not  remaining  on  the  first  sieve  will 
be  collected  on  the  second  sieve,  and  thus  prevented  from  passing  off 
into  the  tailings.     The  Collom  jigs  here  described  were  put  in  to  re- 
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place  two  three-compartment  Harz  jigs  formerly  in  use,  the  screen 
frames  of  which,  6  by  I2|  inches,  were  much  too  small  to  do  satis- 
factory work.  The  reciprocating  motion  was  derived  from  an  eccen- 
tric adjustable  to  2  inches,  and  the  number  of  strokes  could  be  varied 
from  100  to  200  per  minute  by  four  step-pulleys,  6,  7|,  9,  and  1  cl- 
inches in  diameter.  The  jigs  had  an  automatic  side-discharge  for 
heads. 

The  movable  sieve-jig  serves  to  illustrate  the  lectures,  to  work  ore 
coarser  than  5-mesh,  and  to  do  the  water  sorting  in  graded  crushing 
and  jigging.  The  sieve  frame  is  14  inches  wide,  22  inches  long,  and 
12  inches  deep;  the  ore  bed  can  reach  a  depth  of  10  inches.  The 
rods  of  the  screen  frame,  \  inch  in  diameter,  are  divided  into  two 
parts  to  facilitate  taking  the  machine  apart.  The  two  lower  or  jigging 
rods,  48  inches  long,  are  forked  at  their  lower  ends  and  have  an  eye 
at  the  top  through  which  passes  a  connecting  rod,  J  inch  in  diameter, 
suspended  from  the  upper  or  eccentric  rods,  which  are  25  inches  long. 
The  eccentrics  are  adjustable  to  2  inches;  the  eccentric  shaft  is  51 
inches  long  and  i|  inches  in  diameter.  It  has  a  conical  pulley  with 
seven  steps,  its  smallest  diameter  being  6  inches,  its  largest  84-  inches. 
The  number  of  strokes  per  minute  ranges  from  100  to  200.  The 
counter  shaft  is  placed  14  inches  above  the  eccentric  shaft,  and  the 
whole  is  attached  to  a  strong  wooden  frame.  The  water  tank  in  which 
the  ore  is  jigged  is  33  inches  long,  27  inches  wide,  and  22  inches  deep. 
Small  boards  extending  from  the  sides  into  the  tank  serve  as  guides 
for  the  screen  frame.  The  hutch-work  is  drawn  off  at  the  sides  ;  the 
tank  rests  on  a  wooden  box,  and  its  top  is  36  inches  from  the  floor. 

6.  Slime  Washing,  —  Of  the  different  machines  in  common  use 
for  working  slimes  (#'.  e.,  material  not  coarser  than  30-mesh)  only  two 
are  represented  in  the  laboratory:  a  Frue  vanner  [16],  and  a  convex 
continuous  round  table  [12],  a  greater  variety  being  excluded  by  the 
lack  of  space. 

The  Frue  vanner  is  of  normal  size,  i.  e.,  it  has  an  inclined  rubber 
surface  4  feet  wide  and  12  feet  long.  Either  plane  or  corrugated  belts 
are  used.  The  normal  adjustment  for  full  work  in  the  laboratory 
(inclination  of  belt  3A  inches  in  12  feet,  travel  of  belt  32  inches  per 
minute,  and  195  shakes  of  i-inch  throw  per  minute)  has  to  be  changed 
if  the  pulp  flows  directly  from  the  light  three-stamp  battery  upon  the 
vanner,  as  the  battery  furnishes  only  about  1^  tons  of  pulp  in  twenty- 
four  hours,   while   the    normal    rate  of  the  vanner  is   5   tons.      The 
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simplest  way  is  to  change  the  inclination  to  2 J-  inches  in  12  feet,  and 
to  regulate  the  flow  of  water  accordingly.  If  the  vanner  is  to  do  full 
work,  the  pulp  from  the  battery  is  collected  in  the  settling  tanks  and 
fed  at  the  required  rate  and  with  the  necessary  water  by  the  Hendy 
feeder  of  the  stamp-battery.  In  order  to  permit  this,  the  connecting 
rod  of  the  friction  plate  is  replaced  by  an  eccentric  rod,  the  eccentric 
of  which  has  a  2-inch  throw,  and  is  on  a  small  counter  shaft  near  the 
ceiling.  The  counter  shaft  is  driven  from  the  upper  shaft  of  the  labo- 
ratory and  makes  100  revolutions  per  minute.  The  ore  which  is  fed 
by  the  carrier  plate  is  washed  by  a  jet  of  water  into  a  sheet-iron  trough 
and  conducted  from  behind  the  mortar  into  the  ore  spreader  of  the 
vanner. 

The  convex  continuous  round  table  is  8  feet  in  diameter,  and  has 
a  slope  of  -|  inch  to  the  foot.  It  is  of  ^-inch  sheet  iron,  painted  with 
tar,  sanded  and  rubbed  smooth,  and  is  supported  by  an  umbrella  frame. 
It  receives  its  pulp  from  a  fan-shaped  distributor,  which  discharges 
against  one  side  of  a  central  cone,  14  inches  high  and  18  inches  in 
diameter,  and  its  wash  water  on  the  opposite  side  from  a  horizontal 
curved  pipe  with  perforations  on  the  inner  side.  The  three  products, 
tailings,  middlings,  and  heads,  flow  into  a  circular  launder.  The  com- 
partments for  heads  and  middlings  are  12  inches  wide  and  hopper- 
shaped  ;  that  for  the  tailings  is  6  inches  wide.  The  heads  and  mid- 
dlings are  drawn  off  at  intervals  into  a  pail ;  the  water  of  the  heads 
compartment  overflows  into  that  of  the  middlings,  and  the  overflow 
of  these  into  the  tailings  launder.  The  heads  are  washed  off  by  jets  of 
water ;  the  middlings  are  sprayed  in  the  usual  way.  The  machine 
treats  from  1  to   i-J-  tons  of  ore  per  day. 

There  are  in  the  laboratory,  of  course,  the  ordinary  implements 
for  panning  and  vanning  to  check  the  work  done  by  jigging  and  slime 
washing,  and  to  assist  in  amalgamating  operations. 

7.  Electro-Magnetic  Separation.  —  The  magnetic  separation  of 
magnetite,  or  of  iron  ore  rendered  magnetic  by  a  preliminary  roast- 
ing, is  represented  by  a  small  Chase  endless-belt  machine1  placed  near 
the  tank  [32].  This  receives  the  waste  water  from  a  6-inch  Pelton 
water  wheel,  which  drives  the  concentrator.  Many  interesting  data  of 
magnetic  separation  are  recorded  in  the  journal  of  the  laboratory.  It 
may  be  incidentally  remarked  that  a  small  Pelton  wheel  forms  a  most 
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satisfactory  motor  for  any  apparatus  that  is  to  be  driven  independently 
in  a  laboratory  having  water  under  pressure  at  its  disposal.  Of  course, 
a  pressure  regulator  is  necessary  to  equalize  the  uneven  flow  obtaining 
in  a  city  main. 

8.  Dry  Concentration.  —  There  are  no  arrangements  in  the  labo- 
ratory for  dry  concentration.  To  make  tests  that  would  be  in  any  way 
satisfactory  would  require  too  much  space. 

9.  Distribution  of  Power  and  Water.  —  The  machinery  of  the 
laboratory  is  driven  by  a  1 5  horse-power  upright  engine  [24]  having 
a  common  slide  valve.  Its  cylinder  is  9  inches  in  diameter ;  it  has  a 
9-inch  stroke,  and  is  usually  run  at  200  revolutions  per  minute.  The 
main  shaft,  if  inches  in  diameter,  is  on  the  ground  floor  and  runs  the 
entire  length  of  the  milling  room.  Its  position  is  approximately  indi- 
cated by  Nos.  1  and  3  in  the  plan  (Figure  1).  It  makes  240  revolu- 
tions per  minute.  Near  the  double  ball-grinding  mill  [36.1]  it  is  con- 
nected with  the  counter  shaft  of  the  same  diameter  placed  near  the 
ceiling.  This  also  runs  the  entire  length  of  the  mill  room  along  the 
center  line  of  the  Frue  vanner.  It  makes  200  revolutions  per  minute. 
Thus  the  different  machines  are  set  in  motion  either  from  the  main  or 
the  counter  shaft,  the  choice  depending  upon  the  location  and  direc- 
tion of  the  belts. 

The  large  dynamo  [25],  an  Eddy  shunt-wound  machine  of  50  volts 
and  50  amperes,  is  driven  at  the  rate  of  2,200  revolutions  per  minute. 
It  has  a  separate  driving  shaft,  if  inches  in  diameter,  making  550  revo- 
lutions per  minute.  The  small  dynamo  [26],  also  an  Eddy  machine  of 
2  volts  and  50  amperes,  is  connected  with  a  counter  shaft,  and  makes 
1,400  revolutions  per  minute.  Electricity  has  so  far  been  used  in  the 
laboratory  only  for  the  separation  of  ores  and  for  the  deposition  of 
metals.  For  electric  fusion  a  differently  wound  dynamo  would  have 
to  be  added,  in  order  to  secure  the  necessary  amperage. 

The  water  required  in  the  laboratory  is  received  from  the  city 
main,  but  is  not  conducted  directly  to  the  different  machines,  since 
there  would  be  no  regularity  in  the  flow.  It  runs  into  the  end  com- 
partment of  the  water  tank  [18],  from  the  bottom  of  which  a  centrifu- 
gal pump,  18  inches  in  diameter,  delivers  it  into  a  2-inch  main  pipe 
running  along  the  upper  platform,  on  which  are  placed  the  machines 
Nos.  13,  14, 18,  etc.  Two-inch  tees  supply  the  different  machines  from 
the  top  of  the  main.  By  the  aid  of  separate  pipes  and  3-way  cocks  the 
overflow  from  the  jigs  can  be  pumped  upon  either  the  vanner  or  the 
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round  table,  the  overflow  of  the  vanner  upon  the  table,  and  the  con- 
tents of  the  settling  tanks  upon  any  of  the  washing  machines  or  into 
the  sewer. 

10.  Auxiliary  Apparatus. — -By  referring  to  the  plan  (Figure  1) 
and  its  legend,  the  different  auxiliary  apparatus  used  in  ore-dress- 
ing and  in  metallurgical  work  can  easily  be  seen.  Prominent  among 
these  are,  for  instance,  the  steam  drying-tables  [19],  on  which  the 
products  are  dried  so  as  to  permit  comparison  of  the  weights  of  ore 
before  and  after  treatment. 

The  plan  does  not  show  the  thirty-odd  large  bins,  4  feet  wide,  4 
feet  deep,  and  4  feet  high,  for  ores,  fluxes,  fuels,  and  intermediary 
products.  They  are  accessible  from  the  furnace  room  by  two  doors, 
and  from  the  milling  room  by  one  door. 

B.  —  Sampling  and  Assaying  Apparatus. 

Ore  sampling  is  generally  done  in  the  laboratory  by  hand.  If  it 
is  desirable  to  do  mechanical  sampling,  only  intermittent  machines 
—  those  which  take  the  whole  of  a  stream  of  ore  at  stated  intervals  — 
are  allowable.  The  small-size  machines  of  Bridgman  and  Constant  do 
good  work.  Ores  are  crushed  in  rock  breakers  and  rolls,  and  pulver- 
ized in  the  Hendrie  and  Bolthoff  sample-grinder  [5]  or  on  bucking- 
plates  [20].  Samples  for  analytical  purposes  are  ground  fine  in  four 
Morrel  agate  mortars  [24.1].  The  ores  are  all  sampled  by  hand  on  the 
iron  sampling  floor  [6]  or  on  the  sampling  table  [21].  Liquid  pulp, 
fed  upon  or  coming  from  washing  machines,  is  passed  through  spe- 
cially constructed  automatic  samplers  (see,  e.g.,  Figure  2).  Samples 
from  alloys  are  taken  by  chipping,  punching,  sawing,  and  boring  [35]. 
In  laboratory  instruction  too  little  stress  is  apt  to  be  laid  on  the  sam- 
pling of  ores  and  metallurgical  products.  It  is  a  most  important  and 
necessary  part  of  the  work,  the  whole  of  which  is  really  invalidated  if 
the  sampling  is  inaccurate. 

Assaying,  in  its  broadest  meaning,  includes  the  quick  quantitative 
determination  of  any  element  or  compound  met  with  in  metallurgical 
work,  embracing  not  only  fire  assays,  but  also  what  is  known  as  ana- 
lytical work  on  solids,  liquids,  and  gases.  In  the  Institute  metallur- 
gical laboratory  assaying  is  restricted  to  fire  work  (except  as  regards 
the  parting  of  dore  silver  buttons  or  chlorination  assays).  All  analyt- 
ical work  is  done  in  the  chemical  laboratories.     The  assay  laboratory 
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has  two  divisions  :  the  assay  room  proper  [37],  and  the  balance  room 
[44].  The  assay  room  has  eight  pulp  balances  [39],  weighing  accu- 
rately to  1  milligram  with  a  load  of  60  grams,  and  six  flux  balances, 
accurate  to  o.  1  gram  with  a  load  of  600  grams.  They  are  distributed 
among  the  students'  desks  [38],  of  which  there  are  fifty.  There  are 
twelve  crucible  furnaces  [41]  ;  nine  muffle  furnaces  [40],  three  of 
which  have  lately  been  erected  in  "  the  space  to  grow "  [63] ;  and, 
lastly,  an  iron  table  [43]  for  hot  crucibles,  etc.  Under  the  table  is  a 
shelf  for  crucible  and  scorifier  molds,  and  beneath  this  are  small  bins 
for  fuels.  Along  the  side  of  the  table  are  four  posts,  with  anvils  for 
breaking  crucibles,  hammering  buttons,  etc.  The  crucible  furnaces  are 
27  inches  high,  and  12  by  12  inches  in  the  clear.  They  are  inclosed 
in  wrought-iron  plates,  and  thus  firmly  held  together.  The  top  of  each 
furnace  is  horizontal,  and  is  covered  by  a  fire-clay  tile,  around  which  is 
shrunk  an  iron  band,  with  two  hooks  riveted  to  it.  The  cover  is  sus- 
pended from  a  wire  cord  passing  over  a  pulley  attached  to  the  ceiling, 
a  counter  weight  being  at  the  other  end. 

The  muffle  furnaces  are  of  different  kinds  and  sizes.  Five  are 
Judson  coke  furnaces,  two  with  muffles  4  by  7  inches,  closed  at  one 
end,  and  three  with  muffles  8  by  16  inches,  open  at  both  ends ;  also 
three  coke  furnaces,  with  sheet-iron  housing  and  fire-brick  lining,  hav- 
ing muffles  7  by  1 2  inches,  closed  at  one  end  ;  and,  lastly,  one  two- 
muffle  furnace  for  bituminous  coal,  with  muffles  6  by  13  inches,  open 
at  both  ends.  Oil  and  gas  furnaces  are  not  used.  The  draft  for  all 
'  the  furnaces  is  furnished  by  one  main  chimney  [42],  2  by  3  feet,  and 
about  80  feet  high. 

The  balance  room  contains  one  analytical  balance  and  nine  button 
balances  [45].  The  principal  aim  has  been  to  have  the  leading  makers, 
such  as  Ainsworth,  Becker,  Oertling,  Troemner,  and  others,  repre- 
sented. The  balances  are  accurate  to  0.0 1  milligram,  with  a  maximum 
load  of  0.5  gram. 

C.  —  Metallurgical  Apparatus. 

While  the  various  operations  of  the  concentration  of  ores  and  fuels 
can  be  carried  on  in  a  school  or  general  experimental  laboratory  so  as 
'  to  give  practical  results,  the  case  is  likely  to  be  somewhat  altered  when 
it  comes  to  metallurgical  processes.  If  we  take,  e.g.,  a  leading  proc- 
ess, that  of  smelting  in  the  blast  furnace,  we  cannot  reduce  the  op- 
erations to  a  laboratory  scale  and  obtain  results  which  will  serve 'as 
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a  guide  for  practical  work.  Nevertheless,  smelting  in  the  blast  fur- 
nace ought  to  be  a  part  of  the  laboratory  work,  on  account  of  its  edu- 
cational value.  If  a  student  receives  for  treatment  a  batch  of  ore, 
examines  it  mineralogically  and  chemically,  makes  the  necessary  ana- 
lytical determinations  of  his  fluxes  and  fuel,  calculates  his  charge, 
smelts  it,  and  sums  up  his  results  by  weighing,  assaying,  and  analyzing 
the  products,  he  learns  more  about  smelting  than  any  amount  of  lec- 
turing or  cursory  visiting  of  works  can  ever  teach  him.  Only  by 
taking  hold  himself  and  carrying  a  process  through  to  the  end  can 
he  learn  how  to  think  metallurgically,  and  thus  become  really  qualified 
to  listen  intelligently  to  what  is  taught  in  the  classroom. 

There  are,  however,  many  metallurgical  processes  —  such  as  roast- 
ing, amalgamating,  leaching,  electro-deposition  and  other  operations  — 
which  can  be  performed  in  the  laboratory  on  a  small  scale  with  trust- 
worthy economic  results.  In  fact,  the  engineer  is  guided,  in  the  plan- 
ning of  amalgamating  and  leaching  mills,  by  the  results  obtained  in 
such  laboratory  experiments.  This  class  of  work  should,  therefore, 
have  a  prominent  place  in  the  laboratory.  From  what  has  been  said 
it  will  be  evident  that  most  operations  relating  to  the  metallurgy  of 
iron  and  steel  must  be  excluded.  Attempts  have  been  made  to  imitate 
large-scale  iron  and  steel  work  in  the  laboratory.  For  instance,  the 
Sheffield  Technical  School,  in  England,  has  a  small  open-hearth  steel 
furnace ;  the  Polytechnic  School  of  Aix-la-Chapelle,  Germany,  has  a 
small  puddling  furnace  ;  but  the  writer,  though  not  acquainted  with 
the  results  obtained,  is  much  inclined  to  doubt  whether  they  will  be 
found  to  justify  the  large  outlay  of  time  and  labor  involved.  We  must 
always  keep  in  mind  that  it  is  not  the  province  of  an  engineering 
school  to  perfect  the  student  in  any  one  branch  of  his  profession,  so 
much  as  to  ground  him  in  the  fundamental  principles  upon  which  he 
is,  later,  to  build  for  himself  in  detail. 

In  the  laboratory  of  the  Institute  the  processes  chosen  for  instruc- 
tion are  those  involved  in  the  treatment  of  lead,  copper,  gold  and  silver 
ores,  and  the  ores  of  some  of  the  minor  metals,  although  it  should  be 
added  that  crucible  work  and  other  small-scale  heat  treatment  of  iron 
and  steel,  especially  with  regard  to  their  physical  properties,  are  not 
excluded. 

The  furnace  room  [48]  contains  apparatus  enough  of  various  kinds 
to  carry  on  all  the  necessary  operations,  so  arranged  as  to  occupy  as 
little  space  as  possible.     This  forces  a  crowding  of  the  furnaces ;  bu 
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as  the  work  can  be  so  laid  out  that  adjoining  furnaces  need  not  be 
used  at  the  same  time,  less  inconvenience  results  than  might  be  at 
first  supposed.  The  necessary  draft  is  furnished  by  a  stack  [84]  2  by 
3  feet,  and  about  80  feet  high.  A  horizontal  main  flue,  3  by  3  feet, 
running  along  three  sides  of  the  room  —  sometimes  near  the  ground, 
sometimes  near  the  ceiling,  according  to  the  height  of  the  furnaces  — 
collects  the  gases.  Each  furnace,  however,  can  be  shut  off  from  it  by 
a  damper  in  its  branch  flue.  Too  much  stress  can  hardly  be  laid  upon 
the  necessity  of  securing  a  strong  draft.  The  main  and  branch  flues 
should  be  large,  and  the  stack  of  ample  section  and  sufficient  height, 
so  that  it  shall  be  possible  to  run  each  of  the  furnaces  alone  or  any 
number  or  all  of  them  together.  With  a  well-fitting  damper  it  is  an 
easy  matter  to  cut  off  too  much  draft ;  if  there  is  too  little,  the  result 
is  fatal. 

1.  Roasting.  —  For  this  purpose  there  are  three  reverberatory 
furnaces  and  one  stall. 

The  large  hand-reveroeratory  [56]  covers  8  feet  2  inches  by  5  feet 
7  inches,  and  is  4  feet  8  inches  high.  Its  hearth  is  4  feet  2  inches 
long  and  3  feet  wide,  and  lies  9^  inches  below  the  top  of  the  fire- 
bridge, which  is  9  inches  wide.  The  height  of  the  9-inch  side  wall  is 
1 1  inches  to  the  spring  of  the  arch,  the  height  of  the  arch  5  inches. 
The  furnace  has  one  working  door,  14  by  9  inches  in  size,  and  2  feet 
10  inches  from  the  ground.  The  gases  pass  off  through  three  open- 
ings, 9  by  9  inches,  in  the  roof,  into  a  branch  flue  running  across  the 
furnace  and  ending  in  the  main  flue.  The  fireplace,  2  feet  3  inches 
by  1  foot  9  inches,  lies  16  inches  below  the  top  of  the  bridge,  which 
is  8  inches  below  the  roof.  It  has  a  door  12  by  9  inches  in  size,  and 
2  feet  6  inches  from  the  ground.  The  furnace  treats  charges  of  about 
250  pounds  of  pyritic  ore. 

The  outside  dimensions  of  the  small  hand-reverberatory  [60]  are  : 
Length,  8  feet ;  width,  2  feet  8  inches ;  height,  5  feet.  The  hearth  is 
2  feet  square  and  61  inches  below  the  top  of  the  bridge,  which  is  3 
inches  wide.  The  height  of  the  4^-inch  side  wall  is  8  inches  to  the 
spring  of  the  arch,  and  that  of  the  arch  is  5-^  inches.  The  working 
door  is  9  by  6  inches,  and  2  feet  10  inches  from  the  floor;  the  flue 
running  over  the  furnace  is  5  inches  square.  The  fireplace,  1  by  2  . 
feet,  is  10  inches  below  the  top  of  the  bridge,  which  is  7  inches  below 
the  roof ;  and  its  door,  9  by  6  inches,  is  2  feet  6  inches  above  the  floor. 
The  furnace  works  small  charges,  of  say  25  pounds  of  pyritic  ore. 
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The  drawback  of  roasting  in  such  small  reverberatories  is  that  the 
charge  is  liable  to  become  too  much  cooled  near  the  working  door. 
If  there  had  been  more  room  both  roasting  furnaces  would  have  been 
constructed,  like  the  reverberatory  smelting  furnace,  with  the  working 
door  at  the  end  and  the  flue  just  above  it,  the  air  necessary  for  roast- 
ing being  admitted  through  the  hollow  bridge.  It  might  also  be  an 
improvement  to  have  the  hearth  built  in  an  iron  pan,  and  so  arranged 
as  to  permit  its  being  removed,  cleaned,  and  examined  after  an  opera- 
tion ;  although  this  is  not  so  necessary  in  roasting  as  in  smelting. 

The  third  reverberatory  roasting  furnace,  the  Bruckner  cylinder 
[54  and  Figure  4],  gives  opportunity  to  study  the  behavior  of  an  ore 
on  a  revolving  hearth.  The  outside  dimensions  are :  Length,  6  feet, 
and  diameter  2  feet  8£  inches.  The  cylinder  is  of  ^g-inch  boiler  iron, 
and  has  a  2^-inch  fire-brick  lining.  The  throat  is  12  inches,  and  the 
charging  hole  8  inches  in  diameter.  The  cylinder,  the  axis  of  which 
is  3  feet  5  inches  above  the  ground,  revolves  on  two  iron  friction  rings 
(35  inches  in  diameter),  which  rest  on  four  12-inch  carrying  rollers. 
One  of  the  carrying-roller  shafts  (2^  inches  in  diameter)  is  rotated 
by  a  worm  gear  (62  teeth  of  i-inch  pitch)  at  the  rate  of  20  revolutions 
per  hour.  The  fire-box  is  detached  and  rests  on  castor  wheels.  By 
removing  the  box  backwards  or  sidewise  the  amount  of  air  admitted 
can  be  increased.  An  additional  improvement  would  be  to  make  the 
throat  of  the  fire-box  muffle-shaped,  leaving  that  of  the  furnace  circu- 
lar. In  order  to  have  complete  control  over  the  flame,  the  grate  (18 
by  24  inches)  is  laid  20  inches  below  the  bridge.  The  carbonic  oxide 
gas  generated  is  burned  by  warmed  air  entering  the  furnace  just  above 
the  bridge,  after  having  been  forced  through  five  flues  in  the  side  wall 
and  roof  of  the  fire-box.  The  ash-pit,  8  inches  deep,  is  closed  and 
connected  with  a  blast  pipe.  This  furnace  treats  charges  of  about 
200  pounds. 

The  stall  [57],  which  completes  the  roasting  apparatus,  is  commonly 
used  for  treating  coarse  copper-bearing  pyrites  previous  to  smelting  in 
the  blast  furnace.  It  is  3  feet  3  inches  deep,  2  feet  3  inches  wide,  and 
3  feet  7  inches  high  to  the  spring  of  the  arch.  The  arch  is  6  inches 
high.  The  walls  are  4  inches  thick  and  well  anchored.  The  ore 
is  roasted  on  a  temporary  grate  of  wrought-iron  bars.  The  front  is 
bricked  up  halfway,  the  upper  half  being  closed  by  an  iron  plate  with 
peephole.  The  charge  varies  from  1,500  to  2,000  pounds,  and  a  roast 
lasts  from  two  to  three  days.     The  results  in  desulphurization  are  very 
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similar  to  those  in  large  stalls.  The  management  of  the  stall  affords 
a  splendid  lesson  in  the  regulation  of  draft. 

2.  Smelting.  —  Smelting  is  carried  on  in  the  blast  furnace,  the 
reverberatory  furnace,  and  the  crucible  furnace. 

The  blast  furnace  [52  and  Figure  5]  has  had  to  undergo  several 
changes  before  it  reached  the  present  satisfactory  form.  The  first 
furnace,  18  by  15  inches  at  the  tuyere  level,  was  built  of  brick.  It  had 
one  tuyere  at  the  back,  run  with  a  "nose,"  the  ore  being  charged 
towards  the  back  and  the  fuel  towards  the  front.  It  would  last  one 
day,  or  perhaps  two  days,  and  then  had  to  be  relined.  The  next  fur- 
nace, 18  by  16  inches,  with  three  ordinary  tuyeres,  and  charged  in 
horizontal  layers,  burned  out  in  less  than  a  day.  When  provided,  how- 
ever, with  one  water-cooled  tuyere  at  the  back,  projecting  8  inches, 
it  was  run  successfully,  and  had  to  be  relined  only  once  a  year.  With 
this  furnace  ores  were  smelted  for  about  six  years,  until,  in  1 884,  the 
present  one  replaced  it.  This  is  a  water-jacket  furnace,  resembling 
the  circular  copper  smelter  in  common  use  to-day.  The  height  of  the 
furnace,  6  feet  6-J-  inches,  is  divided  as  follows  :  Height  of  four  hollow 
cast-iron  columns,  \"j\  inches;  thickness  of  annular  collar,  1  inch; 
distance  to  tuyeres,  1  foot ;  diameter  of  tuyeres,  2  inches ;  and  height 
to  feed  door,  3  feet  10  inches.  The  diameter  at  the  bed  plate  is  1  foot 
5  inches ;  at  the  tuyeres,  1  foot  6  inches  ;  at  the  throat,  1  foot  1 1 
inches.  The  furnace  has  a  conical  hood  2  feet  9  inches  high  and  25 
and  1 1  inches  in  diameter,  which  ends  in  a  vertical  flue  leading  into 
the  main  flue.  The  feed  door  is  13  inches-  high,  14  and  9^  inches 
wide.  The  water-jacket  is  of  |-inch  boiler  iron  and  has  a  3-inch 
water  space.  The  feed  water  is  supplied  from  the  city  main  through 
a  1-inch  pipe  near  the  top,  the  overflow  pipe  being  tapped  into  the 
upper  flange.  There  are  four  tuyere  holes,  lined  with  solid  bored 
blocks  of  bronze.  The  tuyere  pipes  are  of  wrought-iron  steam  pipe; 
the  horizontal  arm  has  at  one  end  a  conical-turned  bronze  nozzle, 
at  the  other  a  T,  the  vertical  leg  of  which  is  connected  by  a  pipe 
with  the  tuyere  bag,  and  the  horizontal  leg,  reduced  in  diameter  by  a 
bushing,  is  closed  with  a  cap  having  a  glass-covered  peephole.  The 
bustle  pipe  is  4  inches  in  diameter.  The  bottom  of  the  furnace  is 
closed  by  a  wrought-iron  plate  clamped  to  the  collar  of  the  four  col- 
umns. The  crucible  is  lined  with  brasque  tamped  in  solid  from  above 
to  the  level  of  the  tuyeres,  and  then  cut  out  from  below  into  the 
desired  shape,  the  lining  reaching  up  to  the  tuyeres. 
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In  tapping  the  melted  masses  from  the  furnace  different  methods 
were  tried  before  the  present  one  was  adopted.  With  an  internal 
crucible  and  separate  metal  and  slag  taps  the  metal  easily  became 
cool ;  with  an  external  crucible  and  continuous  flow  it  cooled  even 
more  quickly.  The  present  practice  is  to  tap  the  melted  masses  into 
a  small  cast-iron  overflow  pot,  having  the  form  of  an  inverted  pyramid, 
6  inches  deep,  12^  inches  square  at  the  top,  and  l\  inches  square  at 
the  bottom.  This  retains  the  metal,  matte,  and  foul  slag,  and  is  re- 
moved after  every  tapping  by  means  of  iron  hooks  inserted  through 
rings  on  either  side.  The  clean  slag  overflows  into  an  ordinary  con- 
ical slag  pot,  14.  inches  in  diameter  and  i6|  inches  deep.  A  detached 
carriage  serves  to  take  away  the  full  pots  and  return  the  empty  ones. 
A  Devereux  slag  pot  may  in  the  future  replace  the  arrangement  now 
in  use.  The  fumes  from  tap-hole  and  slag  pot  are  drawn  off  by  a  hood 
connected  with  a  small  fan.  The  furnace  has  a  daily  smelting  capacity 
of  about  6  tons  of  charge,  not  counting  the  fuel.  It  is  not  run,  how- 
ever, for  24  hours  at  a  time.  The  furnace,  warmed  during  the  pre- 
ceding day  and  night,  is  usually  blown  in  at  8  a.m.,  and  blown  down 
again  about  4  p.m.  This  period  is  sufficient  to  give  the  student  all 
the  instruction  that  he  can  get  from  carrying  on  a  smelting  operation 
on  such  a  small  scale.  Longer  runs  would  mean  greater  physical  ex- 
ertion without  corresponding  benefit.  When  a  run  is  completed,  all 
the  products  are  carefully  separated,  and,  if  necessary,  the  matte 
adhering  to  foul  slag  or  metal  is  separated  by  an  additional  crucible 
fusion,  and  thus  a  complete  account  of  stock  is  taken.  With  the  pres- 
ent arrangements  the  loss  of  metal  in  flue  dust  has  to  be  arrived  at 
indirectly  by  difference.  It  is  proposed,  however,  to  save  the  flue 
dust,  either  by  cooling  or  filtering  or  by  wet  condensation,  and  thus 
to  obtain  direct  figures. 

Three  reverberatory  smelting  furnaces  were  once  considered  neces- 
sary to  fill  the  wants  of  the  laboratory  for  agglomerating  lead  and  cop- 
per ores,  smelting  lead  ores,  cupelling  base  bullion,  bringing  forward 
matte  and  refining  copper.  Two  furnaces  are  sufficient.  The  English 
cupelling  furnace  [59]  serves  for  the  last  three  operations,  while  the 
other  two,  formerly  carried  on  in  a  reverberator  furnace  (replaced  to- 
day by  the  Bruckner  cylinder),  will  be  taken  up  again  when  the  copper- 
refining  furnace  [55]  has  been  rebuilt  as  a  reverberatory  furnace  with 
movable  hearth  inclined  from  bridge  to  flue.  The  cupelling  furnace  is 
of  the  ordinary  pattern.     The  test  is  18  by  24  inches,  and  is  wedged 
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fast  against  the  test-ring;  the  fireplace,  18  by  24  inches,  is  run  with 
the  under  wind ;  the  grate  is  laid  low,  20  inches  below  the  top  of  the 
bridge,  which  is  9  inches  wide  and  1  5  inches  below  the  roof.  In  order 
to  burn  the  carbonic  oxide  gas  formed  there  is  a  special  tuyere  in  the 
side  of  the'furnace  just  above  the  level  of  the  bridge.  In  addition  to 
the  tuyere  at  the  back  of  the  hearth,  there  is  a  second  one  in  the  roof 
connected  with  a  U-shaped  pipe  passing  through  the  flue.  Hot  blast 
comes  into  play  when  a  quick  raising  of  the  temperature  is  desired. 
The  different  kinds  of  reverberatory  work  so  far  practiced  in  this  fur- 
nace, such  as  liquating  drosses  on  an  iron  plate,  softening  and  cupel- 
ling base  bullion  on  a  hearth  of  limestone  and  clay,  concentrating 
matte  and  refining  copper  on  a  hearth  of  a  mixture  of  raw  and  burnt 
fire-clay  or  closely  fitted  refractory  tiles,  have  been  so  satisfactory  that 
the  idea  of  a  fixed  hearth  for  laboratory  purposes  has  been  entirely 
given  up.  In  the  furnace  150  pounds  of  base  bullion,  assaying  about 
150  ounces  of  silver  per  ton,  are  cupelled  in  six  hours,  or  200  pounds 
of  black  copper  are  brought  through  the  different  stages  to  tough- 
pitch  copper  in  seven  hours. 

The  plan  [Figure  1]  shows  a  small  cupelling  furnace  [61],  which  is 
used  sometimes  to  refine  impure  silver  from  the  English  cupelling  fur- 
nace in  quantities  larger  than  can  be  satisfactorily  treated  in  one  of  the 
muffle  furnaces.  It  has  a  small  fireplace,  8  by  14  inches,  and  15  inches 
deep,  the  flame  rising  from  which  strikes  the  fire-clay  tile  forming  the 
roof,  and  is  deflected  so  as  to  strike  the  silver  (placed  in  an  ovaf  cupel- 
test,  8  by  14  inches,  and  2  inches  deep,  filled  with  bone-ash). 

Crucible  work  is  of  considerable  importance  in  a  metallurgical 
laboratory,  as  it  is  not  only  adapted  for  independent  experiments,  but 
serves  to  bring  into  suitable  form  the  different  mixed  products  ob- 
tained in  the  processes  carried  out  on  a  larger  scale  in  the  laboratory. 
Small  crucibles  are  commonly  heated  in  the  assay  furnaces  ;  for  larger 
charges  there  are  two  pot  furnaces  [62  and  Figure  6],  worked  with 
under-wind.  They  are  14  inches  square  and  23  inches  deep;  the  blast 
is  introduced  through  the  ash-pit  door,  and  the  ash-pit  is  9  inches  deep. 
A  furnace  holds  conveniently  a  No.  35  graphite  crucible. 

3.  Distillation  and  Sublimation.  —  Both  these  operations  are  of 
subordinate  importance  in  laboratory  work.  Distillation  of  mercury 
is  carried  on  in  half  pint  and  one  pint  bulb-retorts,  which  are  heated 
over  four-tube  Bunsen  burners.  The  delivery  pipe  is  cooled  by  sus- 
pending from  it  an  iron  trough  filled  with  cotton  waste,  which  is  kept 
wet.     Reduction  of  zinc  oxide  or  sublimation  of  arsenic,  realgar,  and 
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sulphur  are  fare  operations,  and  no  special  apparatus  is  assigned  for 
this  purpose. 

4.  Crystallization.  —  The  principal  process  coming  under  this  head 
is  the  Pattinson  process,  for  which  a  cast-iron  kettle  [58]  is  used,  21 
inches  in  diameter  and  14  inches  deep,  covered  with  a  hood  and  heated 
by  a  fireplace  2 1  inches  square.  This  kettle  is  rather  small  for  the 
Pattinson  process  ;  it  is  the  one  in  common  use  for  desilverizing  ar- 
gentiferous lead  by  the  Parkes  process,  and  for  melting  and  liquating, 
in  general,  readily  fusible  metals  and  alloys. 

5.  Amalgamation.  —  The  process  of  amalgamation  is  especially 
well  adapted  for  laboratory  work,  since  small-scale  experiments  give 
results  directly  applicable  to  large-scale  work.  The  different  appli- 
ances for  treating  gold  and  silver  ores  in  this  way  are  therefore  well 
represented.  There  are  a  stamp-battery,  a  ball-mill,  two  revolving 
barrels,  and  a  number  of  pans  of  different  sizes. 

The  stamp-battery,  as  a  pulverizer,  has  already  been  described 
under  the  head  of  fine  crushing.  In  using  it  for  the  amalgamation  of 
gold  ores,  the  arrangement  and  management  of  the  copper  plates  (see 
Figure  2)  differ  from  that  of  large-scale  work  in  having  nine  small 
plates,  24  by  n  inches,  and  Jff  inch  thick,  laid  crosswise  over  the 
apron  table,  one  overlapping  the  other,1  instead  of  a  single  large  sheet 
of  copper,  and  also  in  not  having  inside  plates.  By  having  several 
outside  plates,  and  cleaning  them  up  separately,  it  can  be  seen  how 
the  gold  saved  decreases  with  the  distance  from  the  mortar  discharge, 
and  the  required  length  of  plate  can  thus  be  determined.  In  order  to 
prevent  absorption  of  gold  by  the  outside  plate,  it  is  coated  with  silver 
amalgam.  On  an  inside  plate  this  would  be  scoured  off  and  gold  would 
be  absorbed  by  the  copper,  thus  vitiating  the  test ;  hence  inside  plates 
are  not  recommended. 

The  ball-mill  [36.1]  is  used  for  grinding  and  amalgamating  small 
lots  of  gold  ore  and  for  cleaning  up  the  battery  residues.  The  plan 
shows  a  circular  cast-iron  (|-inch)  plate,  22  inches  in  diameter,  on 
either  end  of  a  horizontal  shaft,  2  inches  in  diameter  and  27  inches 
long,  in  the  center  of  which  is  the  driving  pulley,  20  inches  in  diam- 
eter To  each  plate  is  bolted  a  flanged  cylindrical  box  (7  inches  deep, 
17  inches  in  diameter,  and  1^  inches  thick),  having  a  4-inch  charging 
hole  opposite  the  shaft,  to  be  closed  by  a  wooden  bung,  and  a  i|-inch 


1  Richards,  Transactions  American  Institute  of  Mining  Engineers,  8,  362 ;  Technology 
Quarterly,  3,  45;  Editorial,  Engineering  and  Mining  Journal,  April  12,  1890,  418. 
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discharge  opening,  to  be  closed  by  a  screw  plug.  From  thirty  to  forty 
I  J-inch  steel  balls  do  the  grinding.  The  mill  makes  48  revolutions  per 
minute,  and  works  two  charges  of  1 5  pounds  of  ore  in  about  ten  hours. 

The  revolving  barrel  [26.1]  serves  for  amalgamating  without  grind- 
ing, as  well  as  for  leaching.  Its  general  arrangement  is  similar  to  that 
of  the  ball-mill.  To  either  end  of  the  horizontal  shaft,  il  inches  in 
diameter  and  driven  by  a  20-inch  pulley,  is  attached  a  wooden  cylin- 
der, 7  inches  in  diameter  and  1 1  inches  long,  made  of  ^-inch  staves, 
which  receives  a  2-quart  glass-stoppered  fruit  jar,  made  tight  with  a 
rubber  washer  and  screw  clamp.  The  jar  is  packed  with  felt  into  the 
wooden  frame.  The  shaft  makes  from  20  to  25  revolutions  per  min- 
ute. Small  lots  of  ore,  of  1,000  grams,  more  or  less,  are  worked  in 
about  eight  hours. 

There  are  ten  amalgamating  pans  [29  and  30,  Figures  7  and  8]. 
Three  of  these  are  accurate  copies,  in  reduced  size,  of  those  used  in 
practical  work.  They  are  30,  18,  and  12  inches  in  diameter,  have 
sides  12,  8,  and  6  inches  deep,  and  discharge  into  a  30-inch  settler,  12 
inches  deep,  making  1 5  revolutions  per  minute.  They  treat  charges 
of  250,  30,  and  20  pounds,  respectively,  in  from  five  to  eight  hours. 
The  other  seven  pans  [Figure  8],  especially  constructed  for  laboratory 
experiments,  are  only  7  inches  in  diameter.  Three  of  these  are  of 
copper,  the  others  of  iron.  The  pan  has  a  solid  central  core  and  no 
dies ;  the  muller  and  shoes  are  cast  in  one ;  the  pulp  is  prevented  from 
settling  on  the  core  and  sides  by  adjustable  scrapers.  The  muller  can 
be  raised  or  lowered  on  the  driving  shaft,  which  is  driven  from  above 
and  easily  thrown  in  and  out  of  gear.  The  pans  are  heated  by  Bunsen 
burners.  The  muller  makes  90  revolutions  per  minute,  and  the  pan 
works  charges  in  three  or  more  hours.  The  reason  for  choosing  such 
small-sized  pans  is,  that  in  one  day's  work  two  students  will  finish  with- 
out outside  help  a  set  of  experiments.  They  start,  for  example,  in 
the  morning  four  pans  with  the  same  ore,  treat  it  in  four  different 
ways,  and  finish  the  cleaning  up  in  the  afternoon.  A  larger  pan  or  a 
pan  of  a  more  complicated  construction  will  not  permit  this.  In  clean- 
ing up,  a  large-sized  Spitzluttc,  3|  inches  in  diameter  and  1 3  inches 
high,  with  a  |-inch  water  inlet-pipe,  is  commonly  used,  as  it  does 
quick  and  effective  work. 

6.  Lixiviation.  —  The  leaching  of  ores  and  intermediary  products 
can  be  done  in  the  laboratory  in  stationary  vats  by  percolation,  or  by 
mechanical  stirring,  or  in  revolving  barrels.  For  leaching  by  percola- 
tion there  are  two  40-gallon  vats  (not  shown  in  the  plan,  Figure  1) 
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of  wood,  lined  with  lead.  These  will  be  replaced  with  sheet-iron  vats 
poured  with  melted  roofing  pitch.  For  leaching  in  stationary  vats  with 
mechanical  stirring  there  are  three  sets  of  8-gallon  vessels  [28  and 
Figure  9]  of  glazed  earthenware,  12  inches  in  diameter  and  14  inches 
deep.  The  wooden  stirrers,  with  their  iron  driving  shafts,  make  75 
revolutions  per  minute.  For  leaching  in  a  revolving  barrel  the  same 
apparatus  is  used  as  for  amalgamation.  Gold,  silver,  and  copper  ores 
are  commonly,  and  zinc  and  nickel  ores  occasionally,  treated  by  wet 
processes  in  the  laboratory. 

7.  Electro-Metallurgical  Work.  —  Electricity  has  so  far  been  used 
only  for  the  refining  of  silver  and  gold  bearing  copper.  The  large 
depositing  table  [27]  holds  the  electrolytic  baths.  They  are  of  wood 
pulp  poured  with  melted  roofing  pitch,  of  glass,  or  of  earthenware,  as 
the  case  may  be.  No  definite  sizes  have  been,  so  far,  adopted,  but 
electrodes  are  usually  made  7  by  10  inches.  The  current  is  furnished 
by  the  dynamos  already  referred  to ;  thermo-piles  and  storage  batteries 
are  not  in  use. 

D.  —  Conclusion. 

It  is  somewhat  difficult  to  estimate  the  cost  of  the  laboratory 
apparatus,  because  one  thing  has  been  put  in  after  another,  and  alter- 
ations have  been  frequently  made.  It  could  probably  be  duplicated  for 
about  $15,000.  The  annual  cost  of  running  the  laboratory,  excluding 
wages,  fuel,  and  power,  is  $  1,200. 

That  it  is  conducted  in  connection  with  classroom  work,  and  not 
independently,  need  hardly  be  mentioned.  With  the  school  courses  of 
the  fourth  year  the  students  are  thoroughly  trained  in  the  laboratory, 
their  work  there  supplementing  and  illustrating  the  lectures.  The  last 
term  is  largely  devoted  to  the  working  up  of  theses,  which  are  always 
founded  on  laboratory  experiment.  While  the  student  does  not  handle 
every  apparatus,  he  sees  most  of  them  in  operation.  Every  Saturday 
each  student  makes,  before  the  assembled  class,  an  oral  report  of  his 
laboratory  work  during  the  past  week,  and  its  continuation  for  the 
coming  one  is  discussed  and  laid  out.  The  whole  class  thus  gets  the 
benefit  of  the  work  of  each  individual  member.  The  time  devoted  to 
laboratory  work  is  325  hours,  and  to  classroom  work,  including  prep- 
aration, during  the  same  year,  225  hours.  The  most  satisfactory 
arrangement  would  be  to  have  during  the  entire  year  two  days  a  week 
for  laboratory  work.  One  of  these  should  be  uninterrupted  for  making 
a  complete  experiment ;  the  other  might  be  divided  into  two  half  days. 
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THE  RATE  OF  HYDROLYSIS  OF  SALICINE  WITH  ACIDS. 
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Received  August  15,  1895. 

The  purpose  of  this  investigation  was  to  determine  whether  the 

hydrolysis  of  glucosides  with  acids  is  subject  to  the  same  laws  as  that 

of  cane  sugar.     As  an  example  of  this  class  of  bodies,  we  chose  sali- 

cine,  as  it  is  the  only  one  which  fulfills  at  once  the  three  necessary 

conditions  of  considerable  solubility,  great  change  of  the  rotary  power 

with  hydrolysis,  and  cheapness.     This  substance  is  decomposed  with 

dilute  acids  at  temperatures  below  8o°  C,  according  to  Piria  (Annalen 

der  Chemie,  56,   37),  into  dextrose  and   saligenine,  as  shown  by  the 

equation : 

C18H18O7  -f-  H20  =  CeHi2Oe  +  C7H802. 

If  the  decomposition  takes  place  at  higher  temperatures,  the  salig- 
enine goes  over  secondarily  into  its  anhydride,  saliretine.  As  both 
of  these  are  optically  inactive,  it  makes  no  difference  which  is  formed. 
The  original  left-rotating  salicine  is  changed  by  hydrolysis  into  right- 
rotating  dextrose,  so  that  the  reaction  is  easily  followed  with  the  polari- 
scope.  With  regard  to  the  solubility  of  salicine,  it  may  be  mentioned 
that  a  5  per  cent,  solution,  although  supersaturated,  may  be  prepared 
and  kept  at  25°.  Its  optical  rotation  at  250  in  a  400  mm.  tube  is 
—  120. 32. 

Before  any  velocity  measurements  could  be  made,  certain  prelimi- 
nary experiments  were  necessary.  It  was  first  necessary  to  determine 
the  relation  between  the  rotation  of  the  salicine  in  its  original  state, 
and  the  rotation  after  complete  inversion.  For  this  purpose  a  5  per 
cent,  salicine  solution,  containing  enough  acid  to  make  it  a  normal  acid 
solution,  was  heated  on  a  water  bath  in  a  closed  flask  until  there  was 
no  change  in  its  rotary  power.  As  a  result  of  three  independent  ex- 
periments the  value  +  6°. 00  was  obtained  for  a  completely  inverted 
solution,  giving  the  ratio  0.487.  An  inversion  experiment  made  with 
weaker  acid  gave  an  identical  value. 
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Then  experiments  were  made  to  determine  whether  the  rotation 
is  proportional  to  the  concentration.  The  following  table  contains 
the  results.  As  concentration  "C"  is  given  the  number  of  grams  of 
salicine  contained  in  100  cc.  of  solution  (measured  at  250).  In  all  the 
experiments  the  rotation  was  measured  at  250  in  a  Laurent  polari- 
scope  with  sodium   light,  using  a  tube  400  mm.  in  length  (/). 


The    specific    rotary  power  [a]D  equal  to 


100  a 
~CT 


is  calculated  as 


usual.  The  table  shows  that  we  can  assume  the  rotation  to  be  pro- 
portional to  the  Concentration  within  1  per  cent.,  which  is  within  the 
experimental  error  of  the  velocity  experiments. 


Concentration.     C. 

Observed  angle  a} 

Specific  rotary  power  [a] 

5.00 

— 12°.  320 

61°.  60 

3.75 

—  9°.  225 

61°.50 

2.50 

—  6°.  205 

62°.0S 

1.25 

—  3°.  110 

62°.  20 

1  Mean  of  readings  from  two  separate  solutions. 


The  velocity  experiments  were  carried  on  at  950  in  a  large  thermo- 
stat containing  a  coil  of  lead  pipe  filled  with  calcium  chloride  solution 
and  connected  with  a  gas  regulator.  The  surface  of  the  water  in  the 
thermostat  was  covered  with  a  layer  of  parafnne  in  order  to  prevent 
the  evaporation.  The  salicine  solution,  after  it  had  been  mixed  with 
the  desired  quantity  of  acid,  was  read  in  the  polariscope,  and  then 
placed  in  500  cc.  bottles  in  the  thermostat.  By  means  of  a  wash- 
bottle  arrangement,  50  cc.  portions  of  the  solution  were  blown  out 
from  time  to  time  and  instantly  cooled  by  ice  water.  The  first  por- 
tion was  not  taken  out  until  the  solution  had  reached  the  temperature 
of  the  bath,  that  is,  after  30  or  40  minutes,  and  the  time  was  reckoned 
from  this  point.  The  rotary  power  of  the  cooled  solution  was  after- 
wards measured  at  about  250. 

It  was  to  be  expected  that  the  velocity  of  the  reaction  would  be 
expressed  by  the  general  differential  equation  : 


dt 


=  K (A  —  x). 
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Corresponding  to  this  equation  the  value  of  the  constant  K  is  cal- 
culated by  the  formula : 

K  =  J_  log  /""  +  "i, 

t  ca0  +  a 

where  a0  is  the  angle  of  rotation  before  heating,  ax  that  of  the  first 
portion  taken  out  at  time  zero,  a  that  corresponding  to  any  time  /,  and 
c  the  previously  determined  inversion-constant  0.487. 

The  results  are  contained  in  the  following  tables.  Above  each 
table  the  nature  and  concentration  of  the  acid  present  are  given. 
Below  this  and  above  the  corresponding  experimental  series  are  the 
values  a0  of  angle  of  rotation  before  heating.  The  time  is  expressed 
in  minutes  and  the  constants  calculated  by  the  above  formula  with 
ordinary  logarithms  are  all  multiplied  with  io5,  to  avoid  unnecessary 
ciphers. 


First  Series. 

Second  Series. 

Time  /. 

Angle  of  rotation  a. 

Constant 
K  x  IO*. 

Time  t. 

Angle  of  rotation. 

Constant 
K  *  105. 

rlydrochloric  acid:  0.2  normal. 

a0  =  —  9°.67. 

a0  =  —  9°  69. 

0 

—  7.44 

0 

—  7.53 

20 

—  5.08 

468 

35 

—  3.44 

504 

45 

—  2.69 

478 

60 

—  1.49 

492 

77 

—  0.46 

487 

92 

+  0.60 

511 

110 

+  1.16 

487 

125 

+  1.73 

490 

150 

+  2.50 

494 

165 

-f  2.68 

472 

Hydrochloric  acid:  0.1  normal. 


a0  =  —  9°.  67. 

a0  =  —  9°.69. 

0 

—  8  03 

0 

—  8.61 

35 

—  6.04 

211 

25 

—  7.00 

23S 

75 

—  4.05 

216 

60 

—  5.06 

229 

125 

—  1.96 

225 

100 

—  2.97 

242 

185 

—  0.12 

228 

150 

—  1.07 

243 

285 

+  1.89 

245 

210 

+  0.45 

236 
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First  Series. 


Second  Series. 


Time  /.  Angle  of  rotation  a.  ATx'To*'  Time  *  Angle  of  rotation  a. 


Constant 
ATX  ,o». 


Hydrochloric  acid :  0.05  normal. 


no  =  —  9°.67. 

a0  =  —  9°.  69. 

0 

—  9.53 

0 

—  9.36 

40 

—  S.39 

90 

40 

—  7.98 

107 

110 

—  6.11 

108 

110 

—  5.98 

106 

200 

—  4.28 

100 

200 

—  3.50 

115 

300 

—  2.17 

105 

300 

—  1.74 

112 

420 

—  0.44 

105 

420 

—  0.03 

112 

Sulphuric  acid:  0.2  normal. 


oo  =  —  10°-99. 

a0  =  —  10°.  56. 

0 

—  9.17 

0 

—  8.97 

30 

—  6.95 

240 

30 

—  6.88 

231 

65 

—  4.75 

243 

65 

—  4.57 

250 

110 

—  2.46 

245 

110 

—  2.35 

250 

170 

—  0.08 

251 

170 

—  0.11 

253 

235 

4-  1.32 

237 

235 

4-  1.44 

248 

315 

4-2  83 

237 

315 

4-2.68 

241 

Oxalic  acid  :  0.2  normal. 


a0  =  —  10°.95. 

a0  =  —  10°.5S. 

0 

—  7.51 

0 

—  6.98 

110 

—  4.50 

106 

109 

—  3.89 

117 

250 

—  1.79 

102 

249 

—  1.30 

110 

370 

4-0.21 

108 

370 

4-0.30 

108 

590 

4-2.27 

106 
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First  Series. 

Second  Series. 

Time  t. 

Angle  of  rotation  a. 

Constant 

Time  t. 

Angle  of  rotation  a. 

Constant 
jfx  106. 

Malonic  acid  :   0.2  normal. 


10°.99. 


<20: 


10°.5S. 


0 

—  10.82 

0 

—  10.38 

290 

—   8.46 

23.7 

265 

—   S.28 

23.8 

655 

—    6.54 

20.4 

0 

—  10.53 

290 

—   8.51 

20.7 

An  examination  of  the  above  results  shows  that  the  constants  are 
in  general  satisfactory,  and  that  therefore  the  reaction,  like  the  sugar- 
inversion,  follows  the  law  of  the  first  order.  The  small  deviations  that 
occur  are  probably  due  to  the  temperature  variations  of  the  thermo- 
stat ;  for,  although  these  did  not  exceed  a  tenth  of  a  degree,  they  are 
nevertheless  of  significance  on  account  of  the  high  temperature  coef- 
ficient of  the  reaction. 

The  relative  effect  of  the  various  acids  is  shown  in  the  following 
table.  The  mean  values  of  the  constants  are  given  in  Column  I. 
Column  II  contains  the  relative  values  of  the  constants  referred  to 
that  of  the  0.2  normal  hydrochloric  acid,  taken  as  1,000.  And 
Column  III  gives  the  values  of  the  velocity  constants  determined 
by  Ostwald  for  the  cane  sugar  inversion  by  the  same  acids  at  half 
normal  concentration. 


The  acid  and  its  concentration. 


I. 

II. 

4S9 

1,000 

231 

472 

107 

219 

244 

499 

109 

223 

22.2 

45 

Hydrochloric  acid  (0.2  normal)  . 
Hydrochloric  acid  (0.1  normal)  . 
Hydrochloric  acid  (0.05  normal) 
Sulphuric  acid  (0.2  normal)    . 
Oxalic  acid  (0.2  normal)     .     .     . 
Malonic  a  :id  (0.2  normal)  .     .     . 


1,000 


536 
186 

31 
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It  is  seen  that  the  corresponding  numbers  of  the  last  two  columns 
are  of  about  the  same  magnitude.  The  relative  influences  of  the 
various  acids  upon  the  hydrolysis  of  salicine  and  the  inversion  of 
sugar  are,  therefore,  nearly  identical.  It  is,  however,  worthy  of  men- 
tion that  the  chemical  activity  of  hydrochloric  acid  in  the  case  of 
the  salicine,  as  in  the  case  of  the  sugar  reaction,  increases  more  rap- 
idly than  the  concentration,  while  the  electrical  conductivity  increases 
more  slowly  than  it. 
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PYROMETRY:    CALIBRATION  OF  THE  LeCHATELIER 
THERMO-ELECTRIC  PYROMETER} 

By  S.  W.  HOLMAN. 

Received  October  29,  1895. 

In  a  discussion  of  thermo-electric  interpolation  formulae2  the  au- 
thor has  shown  that  the  resultant  thermal  emf.  £'<?  of  a  closed  me- 

0 

tallic  circuit  of  two  metals,  with  one  junction  at  o°C.  and  the  other  at 
t°  C,  may  be  expressed  to  0.5  per  cent,  and  better  above  3000  C.  by  an 
expression  of  the  form  ~L'c  =  m  t",  or  log  1,'e  =  n  log  t  -\-  log  m, 
where  m  and  n  are  constants  depending  on  the  metals  of  the  couple. 
Similar  demonstrations  show  that  with  the  cold  junction  constantly  at 
200  C.  the  emf.  may  be  expressed  by  2'<?  =  m  tn  nearly  enough.  This 
fact,  together  with  the  known  fact  that  the  D' Arson val  galvanometer 
gives  readings  nearly  proportional  to  the  currents  and  therefore  to  Ife 

on  a  circuit  of  constant  resistance,  led  to  the  thought  that  the  cali- 
bration of  the  LeChatelier  thermo-electric  pyrometer  might  be  simpli- 
fied by  the  use  of  a  logarithmic  instead  of  a  direct  plot.  A  study  of 
a  series  of  six  calibrations,  made  at  different  times  .by  four  different 
sets  of  observers,  with  two  distinct  pyrometers,  and  in  nearly  every 
case  with  different  suspension  wires  and  adjustment,  confirmed  the 
deduction  and  led  to  the  following  method.  It  will  be  seen  that  the 
method  requires  calibration  at  only  two  known  temperatures  instead 
of  several,  as  formerly,  a  saving  of  labor  and  a  gain  in  accuracy.  The 
method,  although  suggested  by  the  facts  referred  to,  is  not  merely  a 
deduction  from  them,  but  should  rather  be  regarded  as  an  empirical 
process  based  on  experiment.  It  is  not  rigidly  exact  viewed  from 
either  a  mathematical  or  experimental  standpoint,  but  is  merely  an 
approximation  holding  within  the  limits  of  variable  error  of  the  instru- 
ment, and  probably  well  within  the  limits  of  uncertainty  of  the  as- 


1  Published  also  in  Proc.  Am.  Acad.  Arts  and  Sciences,  1895. 

2  Holman,  Thermo-electric  Interpolation  Formulae.     Proc.  Am.  Acad.  Arts  and  Sciences 
(1895).     See  also  later  number  of  this  journal. 
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sumed  values  of  the  melting  points  employed  in  calibration.  For 
clearness,  the  usual  method  of  calibration  will  be  first  stated,  and  then 
the  proposed  method. 

Usual  Method.  —  The  cold  junction  is  kept  at  a  temperature, 
usually  about  that  of  the  room,  measured  by  a  mercurial  thermom- 
eter. The  spot  of  light  is  made  to  read  zero  with  the  circuit  open. 
'  The  hot  junction  is  then  exposed  successively  to  several  known  high 
temperatures  and  the  scale  readings  are  taken.  These  temperatures 
are,  ordinarily,  the  boiling  point  of  naphthalin  (C10Hg)  and  of  sulphur, 
the  melting  points  of  aluminum,  gold,  and  platinum,  selected  as  be- 
ing the  most  satisfactory  in  manipulation  and  reliable  in  value.  The 
values  assumed  for  these  points  differ,  following  the  judgment  of  the 
experimenter,  Violle's  figures,  i,775°C.  for  platinum  and  1,035°  or 
1,045°  C.  for  gold,  and  LeChatelier's,  625°  or  635°  for  aluminum,  being 
most  commonly  accepted.  From  measurements  and  considerations 
elsewhere 1  discussed,  the  author  recommends  as  provisional  numbers 
in  preference  to  the  foregoing  values : 

21S°.07  +  0.0625(11-760).  Crafts.2    Holman  and  Gleason.3 
444°53  +  0.0S2(H-760).     Callendar  and  Griffiths.* 

Holman,  Lawrence,  and  Barr.' 

H.,  L.,  and  B. 

Holborn  and  Wien.s 

H.,  L.,  and  1  . 

H.,  L.,  and  1,. 

A  plot  is  then  made  with  deflections  (scale  readings)  as  abscissas 
(horizontal),  and  temperature  differences  (/  —  c)  between  the  hot  and 
cold  junctions  as  ordinates  (vertical).  The  points  thus  obtained  lie 
along  a  curve,  which  in  the  upper  part  approaches  somewhat  closely  to 
a  straight  line.  But  it  is  nowhere  exactly  straight,  and  the  error  of 
assuming  it  so  may  amount  to  io°  or  15°,  or  even  more.  On  the  other 
hand,  the  points  lie  so  far  apart  if  plotted  upon  a  scale  commensurate 
with  the  sensitiveness  of  the  instrument  that  it  is  impossible  to  draw 


CI0H8 

21S°. 

S 

444°. 

Al 

660° 

Ag 

970° 

Au 

1,072° 

Cu 

1,095° 

Pt 

1,760° 

1  Holmane,  Lawrenc,  and  Barr.  Proc.  Am.  Acad.  Arts  and  Sciences  (1895).  See  also 
later  number  of  this  journal. 

=  I  rafts,  Bull,  de  la  Soc.  Chim.,  39,  196,  277  (1883). 

J  Holman  and  Gleason,  Proc.  (3)  Am.  Acad.  Arts  and  Sciences,  21,  237  (1888); 
Technology  Quarterly,  2,  1. 

4  Callendar  and  Griffiths,  Philosophical  Transactions,  182,  119,  157  (1891). 

5  Holborn  and  Wien,  Zeit.  fiir  Instrumentenkunde,  12,  257,  296  (1892). 
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a  curve  through  them  which  shall  be  much  more  reliable  in  the  upper 
parts  (the  portion  mOst  frequently  needed)  than  the  straight  line. 
Although  this  statement  is  perhaps  counter  to  others  that  have  been 
made  on  the  subject,  it  is  the  author's  opinion  after  prolonged  experi- 
ence with  the  instrument. 

In  subsequent  temperature  measurements  this  curve  is,  of  course, 
used  for  interpolation  in  the  customary  manner ;  that  is,  any  deflection 
being  observed,  and  at  the  same  time  the  temperature  c1  of  the  cold 
junction,  the  curve  is  entered  with  this  deflection  as  abscissa,  and  the 
corresponding  ordinate  of  the  curve  is  read  off.  This  ordinate  will  be 
approximately  (t  —  c1)  the  temperature  of  the  hot  minus  that  of  the 
cold  junction.  Hence  the  desired  unknown  temperature  t  is  obtained 
approximately  by  adding  c1  to  this  ordinate. 

Proposed  Method.  Observations.  — The  scale  is  adjusted  so  that 
the  spot  reads  zero  with  the  circuit  open.  The  cold  junction  is  kept 
at  a  temperature  about  that  of  the  room,  measured  by  a  mercurial 
thermometer.  In  careful  work  this  temperature  should  be  kept  con- 
stant or  nearly  so,  either  at  20°  or,  better,  at  o°  C.  The  other  junc- 
tion is  then  exposed  successively  to  two  known  temperatures,  prefer- 
ably boiling  sulphur  and  melting  copper  (for  reasons  to  be  given),  or  if 
temperatures  upwards  of  1,200°  C.  or  1,300°  C.  are  chiefly  to  be  meas- 
ured, to  melting  copper  and  melting  platinum.  Deflections  and  tem- 
peratures of  the  cold  junction  are  taken. 

Correction  for  Cold  Junction.  —  If  the  cold  junction  is  always  kept 
within  about  i°  of  a  constant  point,  e.g.,  20°  (or  0°)  both  in  calibra- 
tion and  subsequent  work,  these  observed  deflections  require  no  correc- 
tion. If  that  is  not  the  case,  then  the  deflection  should  be  corrected 
to  obtain  what  it  would  have  been  had  this  been  done.  This  is  readily 
effected  as  follows :  Let  a  be  the  change  of  deflection  per  degree  at 
20°  C.  This  may  be  found  nearly  enough  by  observing  once  for  all  the 
deflection  with  the  cold  junction  at  some  observed  temperature,  any- 
where from  io°  to  15°,  and  the  hot  junction  at  an  observed  temper- 
ature from  30°  to  40°.  The  deflection  divided  by  the  temperature 
difference  will,  of  course,  be  a.  Then,  if  the  observed  temperature  of 
the  cold  junction  in  a  measurement  is,  e.g.,  16°  instead  of  20°,  the 
correction  would  be  (20-i6)«  —  4a  to  be  subtracted  from  the  observed 
deflection,  since  that  was  obviously  too  large.  These  corrections  are 
small  and  can  easily  be  made  mentally,  since  a  is  seldom  more  than 
J7  of  a  small  division  of  the  scale. 
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Calibration,  and  Computation  of  Unknown  Temperature.  —  Let  ds 
represent  the  corrected  deflection  for  the  sulphur  temperature  ts  (com- 
puted from  the  reduced  barometric  pressure  H  at  the  time  by  the  fore- 
going formula),  and  let  dc  be  that  for  the  melting  temperature  tc  of 
copper,  or  the  metal  used.  Plot  two  points  with  log  d,  and  log  dQ 
as  abscissas  and  log  tt  and  log  tc  as  ordinates,  respectively.  Draw 
through  these  two  points  a  straight  line.  Then,  within  the  limits  of 
error  of  the  apparatus,  tke  ordinate  of  tkis  line  corresponding-  to  any 
abscissa  log  d  will  be  log  t,  tke  log  of  tke  desired  temperature  of  the 
hot  junction,  d  being  any  observed  deflection  corrected  to  200  or  o°  as 
above.     That  is,  the  number  corresponding  to  this  logarithm  will  be  /. 

By  far  the  most  convenient  way  to  effect  this  plotting  and  subse- 
quent interpolation,  instead  of  employing  logarithm  tables  and  the 
ordinary  coordinate  or  plotting  paper  ruled  with  equidistant  lines,  is 
to  use  plotting  paper  with  a  logarithmic  ruling,  that  is,  with  lines 
spaced  at  distances  progressively  diminishing  according  to  the  log- 
arithmic law,  like  the  divisions  of  the  ordinary  slide  rule.  By  suitably 
numbering  the  axes  of  such  a  sheet,  the  desired  quantities  can  be  plot- 
ted directly  without  the  aid  of  the  logarithm  tables.  Subsequent  in- 
terpolation then  becomes  exceedingly  easy,  since  it  is  merely  necessary 
to  enter  the  plot  with  the  corrected  deflection  as  abscissa  and  read  off 
the  corresponding  ordinate  on  its  numbered  axis,  this  giving  directly 
the  unknown  temperature  t.  Unfortunately,  such  paper  (which  would 
be  useful  in  many  physical  and  practical  problems)  is  nowhere  on  sale 
so  far  as  the  author  is  aware. 

In  default  of  such  paper,  and  instead  of  using  the  plot  of  loga- 
rithms for  continuous  interpolation,  a  direct-reading  plot  of  deflections 
and  temperatures  may  be  made  from  it  once  for  all.  On  the  logarith- 
mic plot  look  out  the  ordinate  for  every  10  (or  20)  divisions  of  the 
scale,  i.  e.,  corresponding  to  log  10,  log  20,  log  30,  etc.  (smallest  divi- 
sions). Look  out  in  the  log  tables  the  numbers  corresponding  to  these 
ordinates,  thus  obtaining  /10,  /20,  etc.  Make  a  new  plot  with  10,  20, 
30,  etc.,  as  abscissas,  and  t10,  t20,  t30,  etc.,  as  just  formed,  as  ordinates. 
These  points  can  be  taken  at  such  short  intervals  that  a  reliable 
smooth  curve  may  easily  be  drawn  through  them,  and  this  is  then 
available  for  subsequent  direct  interpolations. 

In  the  absence  of  logarithmic  plotting  paper,  log, plots  may  very 
conveniently  be  made  by  a  straight  edge  graduated  with  a  logarithmic 
scale.     Four  of  such  rulers  (two  of  single  and  two  of  double  scale) 
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may  be  cut  from  an  ordinary  box-wood  slide  rule  by  a  skilful  carpen- 
ter. They  are  very  useful  in  a  variety  of  physical  work,  but  less  so 
than  the  ruled  paper. 

Various  well-known  causes  will  modify  the  calibration  of  the  in- 
strument from  time  to  time.  Recalibration  easily  detects  and  over- 
comes the  change.  But  a  more  convenient  method  is  to  include  in 
the  circuit  an  adjustable  resistance  (preferably  a  manganin  wire  rheo- 
stat). At  any  time  observe  the  sulphur  point.  Should  it  be  found 
displaced  from  the  original  calibration,  adjust  the  rheostat  until  that 
reading  is  restored.  This  will  also  restore  the  entire  calibration,  un- 
less indeed  there  has  been  some  radical  change,  such  as  the  insertion 
of  a  new  thermo  couple  of  different  composition. 

Proof  of  the  Method.  —  The  method  rests  for  demonstration  on 

the  fact  that  logarithmic  plots  thus 
made  for  the  six  calibrations  above 
cited,  each  containing  observations  on 
naphthalin,  sulphur,  aluminum,  gold, 
and  platinum,  and  using  the  above 
provisional  temperatures,  were  straight 
lines  well  within  the  limits  of  varia- 
ble error  of  the  observations  with  but 
one  exception,  when  the  platinum  point 
showed  a  wide  divergence,  presumably 
due  to  mistake  or  possibly  to  faulty 
setting  up  of  the  instrument. 
H  Apparatus   and  Procedure  in    Cali- 

=3  brating:  Sulphur.  —  For  this  boiling 
point,  in  ordej-  to  obtain  as  good  results 
as  the  instrument  is  capable  of,  the 
boiling  point  tube  shown  in  the  sketch 
is  satisfactory,  and  a  duplicate  serves  well  for  naphthalin.  The 
glass  tube  A  A  is  about  an  inch  in  diameter  and  12  inches  long, 
terminating  below  preferably  in  a  bulb  about  2  inches  in  diameter. 
The  tube  to  within  2  inches  of  the  top  is  wrapped  with  asbestos 
cloth  B  of  a  thickness  of  at  least  one  quarter  of  an  inch  to  pre- 
vent radiation  and  superheating.  The  clear  part  of  the  tube,  which 
may  or  may  not  be  wrapped  in  a  spiral  spring  S,  serves  as  a  con- 
denser, and  with  an  asbestos  cover  closing  the  top  efficiently  pre- 
vents escape  of  sulphur  vapor.     It   is   easy  to   regulate  the   rate  of 
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boiling  so  that  the  visible  line  of  condensation  in  the  tube  is  nearly 
steady  in  position.  The  bulb  rests  on  a  diaphragm  of  asbestos 
board  H  having  an  opening  about  half  an  inch  smaller  in  diameter 
than  the  bulb.  The  whole  apparatus  is  supported  in  a  clamp  stand. 
The  flame  plays  upon  the  bulb  where  it  is  exposed  by  the  hole,  but 
the  diaphragm  (6  or  8  inches  in  diameter)  prevents  the  hot  gases  from 
passing  up  around  the  tube,  which  would  cause  superheating.  Two 
overlapping  partial  diaphragms  D  and  E,  about  an  inch  above  the  sul- 
phur and  half  an  inch  apart,  prevent  spattering  and  radiation  from  the 
liquid  to  the  thermal  junction.  The  wires  of  the  couple  extend  down- 
ward through  the  cover  to  a  point  an  inch  or  less  above  the  diaphragm. 
The  sulphur  should  extend  from  the  bulb  to  a  point  half  an  inch  or 
more  into  the  tube.  It  will  usually  be  found  necessary  to  pour  out  the 
liquid  sulphur  at  the  close  of  a  calibration  to  avoid  breaking  the  tube  at 
the  next  heating.  The  diaphragm  should,  therefore,  be  arranged  so  as 
to  be  easily  removable.  If  there  is  trouble  from  breaking  of  the  tube 
during  boiling  (none  with  good  glass),  a  copper  wire  gauze  wrapped 
about  the  bulb  will  be  found  a  preventive.  The  boiling  should  be 
maintained  for  a  few  minutes  after  the  sulphur  vapor  has  risen  above 
the  top  of  the  asbestos  to  insure  uniformity  of  temperature.  It  is 
advantageous  to  put  the  wires  through  a  small  hood  or  umbrella  of 
asbestos  at  a  point  about  an  inch  above  the  junction,  so  shaped  as 
to  shed  the  drip  of  cooler  liquid  sulphur  which  will  run  down  the 
wires.  A  special  form  of  hood  is  shown  at  C  in  the  figure.  Both 
this  and  the  diaphragms  in  the  tube  are,  however,  unnecessary  in 
ordinary  work. 

For  comparatively  rough  work  it  is  sufficient  to  boil  some  sulphur 
in  an  ordinary  or  small  test  tube  (about  one  fourth  full)  and  hold  the 
junction  at  the  surface  of  the  boiling  liquid,  taking  pains  not  to  have 
it  touch  the  tube  and  also  not  to  overheat  the  tube.  This  is  the  cus- 
tomary procedure,  but  is  not  quite  worthy  of  the  instrument. 

The  barometer  and  its  temperature  should  be  observed  at  the  time 
and  place  of  making  the  calibration,  although  the  errors  from  omission 
of  this  are  negligible  in  rough  work. 

Copper.  —  The  high  grades  of  commercial  copper  are  good  enough 1 
for  this  use ;  such,  for  example,  as  are  used  in  the  best  rolled  sheet 
copper  and  wire.    This,  of  course,  is  easily  obtainable  and  inexpensive, 


'  See  results  by  H.,  L.,  and  15.,  at  above  reference. 
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and  may  probably  be  relied  upon  as  having  a  melting  point  not  much, 
if  any,  over  i°  C.  below  that  of  pure  copper.  Electrolytic  copper  of 
a  much  higher  grade  of  purity  is  preferable  and  is  not  now  rare  or 
expensive. 

Afire-clay  crucible1  i{  to  \\  inches  deep  and  about  i  inch  in  diam- 
eter is  held  in  place  inside  a  small  furnace  by  pieces  of  fire-clay,  as 
shown  in  the  sketch.  A  double  walled  furnace  of  the  design  and  pro- 
portions shown 2  (the  figure  is  half  size)  is  most  satisfactory.  It  is 
about  4A  inches  outside  diameter  and  i\  inches  high.     The  crucible 

contains  upwards  of 
50  grams  of  copper. 
Above  this,  within 
the  crucible,  is  a  dia- 
phragm D  made  from 
a  plate  of  battery 
carbon.  It  has  a  cen- 
tral perforation  large 
enough  to  permit  the 
passage  of  the  clay 
tube  carrying  the 
'  thermo  couple.  Upon 
this  diaphragm  is 
placed  powdered  char- 
coal. A  block  E  of 
battery  carbon  is 
turned  to  fit  the  rim 
of  the  crucible  some- 
what closely  to  serve 
as  a  cover.  G  is  a 
diaphragm  of  asbestos  board  which  deflects  the  gases,  and  upon  this 
at  A  is  placed  fibrous  asbestos  to  reduce  the  heat  conductivity.  The 
cover  belonging  to  the  furnace  is  not  used.  Simpler  details  might 
serve  sufficiently  well,  but  they  must  effect  the -same  result,  namely, 
produce  by  slow  combustion  an  atmosphere  of  carbon  dioxide   in  the 


Fig.  2. 


■  Buffalo  Dental  Co.,  Buffalo,  New  York. 

2  Wiesnegg,  also  Carpentier,  both  of  Paris,  supply  such  a  furnace  ;  or,  one  may  readilv 
be  made  by  any  manufacturers  of  fire-clay  apparatus.  The  Fletcher  furnaces  may  also  be 
used,  but  are  not  so  convenient  for  the  purpose,  because  the  products  of  combustion  escape 
at  the  top.  - 
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crucible  to  retard  the  oxidation  of  the  copper.  As  above  arranged  the 
powdered  charcoal  does  this  and  the  carbon  plates  do  not  burn. 

The  thermo  couple  projects,  as  shown,  into  the  metal,  being  of 
course  thrust  in  during  the  first  melting.  It  is  obviously  indifferent 
whether  the  wires  are  joined  or  not.  The  end  of  the  wires  will  require 
clipping  subsequently  to  remove  the  short  section  injured  by  action 
of  the  copper.  The  uniformity  of  the  wire,  however,  renders  this  a 
source  of  no  sensible  error. 

The  apparatus  being  arranged  as  shown,  and  the  copper  being 
liquid  (it  should  not  be  unduly  superheated),  the  blast  is  slightly  re- 
duced so  that  the  crucible  may  cool  slowly,  and  the  pyrometer  is  read 
continuously.  When  the  solidifying  point  is  reached  the  reading  will 
become  constant  for  some  minutes  (dependent  on  the  rate  of  cool- 
ing), and  will  then  begin  to  descend.  This  "  steady  point "  occurs, 
of  course,  during  the  giving  out  of  the  latent  heat,  and  is  the  desired 
reading  corresponding  to  the  solidifying  point.  The  blast  is  then 
increased,  and  the  corresponding  constant  reading  in  the  ascending 
temperatures  gives  the  melting  point.  This  should,  with  copper,  be 
sensibly  coincident  with  the  solidifying  point,  and  will  be  found  so 
unless  complications  are  introduced  through  too  rapid  heating  or  cool- 
ing, or  through  the  formation  of  slag  upon  the  top  of  the  copper.  It 
is  well  to  withdraw  the  junction,  clean  it  if  necessary,  and  take  check 
readings. 

The  advantages  of  copper  over  gold,  as  demonstrated  elsewhere,1 
are  that  it  is  more  easily  and  cheaply  obtainable  in  a  state  of  sufficient 
purity  to  give  a  reliable  melting  point,  and  that  by  using  a  large  mass 
an  unmistakable  steady  reading  of  considerable  duration  can  be  ob- 
tained. 'I  he  latter  consideration  is  of  special  weight  where  the  gal- 
vanometer is  exposed  to  jarring  or  the  observer  is  not  experienced. 
The  operation  is  no  more  laborious,  and,  except  possibly  for  a  skilled 
observer,  is  less  time  consuming  and  more  satisfactory  than  the  cus- 
tomary method  with  gold. 

LeChatelier's  original  method  employing  gold  (or  other  metals)  was 
to  use  this  same  furnace,  but  with  its  own  cover  on.  The  crucible 
without  a  cover  was  filled  with  magnesia  or  lime,  and  the  thermal 
wires  passing  through  a  perforation  in  the  furnace  cover  terminated 
with  their  junction  in  the  center  of  the  crucible  surrounded  by  the 


'  See  EL,  L.,  and  iJ.,  former  reference. 
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magnesia.  Before  its  insertion  the  junction  was  carefully  wrapped 
with  a  small  piece  of  wire  or  foil  of  gold  or  of  any  metal  under  test. 
This  being  arranged,  the  blast  was  controlled  to  raise  the  temperature 
at  a  slow  and  steady  rate.  The  spot  of  light  on  the  pyrometer  scale 
was  then  watched  closely.  It  would  be  seen  to  rise  steadily  until  a 
certain  point  was  reached,  then  to  stop  abruptly  for  a  moment,  then 
to  start  upward  again  almost  with  a  bound  and  go  on  rising.  This 
temporary  stopping  was  due  to  the  time  required  for  the  absorption  of 
the  latent  heat  of  fusion.  A  similar  stopping  point  may  then  be  gen- 
erally observed  on  allowing  the  furnace  to  cool  slowly.  These  two 
points,  the  "melting  and  freezing  points,"  should  in  general  agree. 
With  too  rapid  rates  of  heating  or  cooling  they  are  likely  to  show  an 
erroneous  disagreement.  Under  favorable  conditions,  viz.,  with  the 
galvanometer  in  a  place  free  from  jarring  and  with  a  steady  air  blast 
of  quite  sufficient  capacity,  this  method  yields  perfectly  good  results, 
although  the  inexperienced  observer  will  generally  miss  the  reading  on 
the  first  one  or  two  trials.  But  in  most  places,  notably  in  connection 
with  industrial  plants,  it  is  not  infrequently  difficult  or  impossible  to 
secure  the  necessary  steadiness  of  support  or  of  blast.  Failing  these, 
the  stopping  point  sought  is  very  likely  to  be  so  masked  by  irregulari- 
ties in  the  motion  of  the  spot  as  to  introduce  much  uncertainty  into 
readings,  if  not  to  entirely  prevent  satisfactory  calibration  by  this 
method. 

Another  way  is  to  have  the  two  thermal  wires  held  together  at  the 
ends  merely  by  the  wrapping  of  gold,  etc.,  and  under  slight  tension, 
so  that  as  soon  as  the  metal  melts  the  wires  will  draw  apart  and  open 
the  circuit.  The  spot  will  then  reach  a  highest  point  corresponding  to 
the  melting  point,  and  then  suddenly  drop  to  zero.  In  practice  this 
method,  although  convenient  in  some  cases,  has  been  found  not  to 
yield  satisfactory  results  on  the  whole. 

With  some  metals,  particularly  those  melting  below  gold,  the  author 
has  found  the  following  arrangement  to  work  well,  being  more  rapid 
and  under  better  control :  A  small  crucible  of  fire-clay,  i^  or  2  inches 
long  and  \  to  f  inch  inside  diameter,  with  straight  sides  and  a  flat 
bottom..1  is  employed.  Into  this  is  inserted  the  clay  tube  carrying 
the  wires,  a  packing  of  asbestos  being  used  around  it  if  it  does  not 
pretty  well  fit  the  crucible.     The  junction  remains  free  about  half  an 


1  Made  to  order  by  Hall  &  Sons,  Tonawonda  Street,  Buffalo,  New  York. 
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inch  from  the  bottom  and  not  touching  the  sides.  The  crucible  is 
then  gradually  heated  in  the  flame  of  the  blast  lamp,  and  the  stop- 
ping point  observed  as  before. 

Platinum.  —  For  this  we  depend  on  the  direct  fusion  of  the  plati- 
num wire1  of  the  couple  just  at  the  junction.  A  convenient  way  is 
to  fuse  the  ends  together,  then  to  bend  the  wires  so  that  the  two  lie 
closely  side  by  side  and  are  nearly  straight,  but  not  touching.  Then 
lay  the  end  on  a  smooth  surface  of  quicklime.  A  small  flame  from 
the  oxyhydrogen  blowpipe  is  then  directed  upon  the  junction.  The 
globule  at  the  end  will  fuse,  and  may  gradually  work  up  along  the 
wires.  By  watching  the  surface  appearance  of  the  globule  closely  it 
is  easily  possible  to  control  the  position  and  effect  of  the  flame  so  as 
to  maintain  the  mass  just  on  the  point  of  fusion  and  get  a  fairly  con- 
stant reading.  Heavily  clouded  dark  glasses  must  be  used  in  watch- 
ing the  platinum.  Neglect  of  this  involves  risk  of  serious  permanent 
injury  to  the  sight,  and,  if  persisted  in,  of  even  greater  danger. 

Modifications  of  the  LeChatelier  Thermo-electric  Pyrometer.  —  By 
an  experience  extending  over  four  years  in  the  use  of  this  instrument 
in  its  original  form,  and  after  tests  and  study  of  many  other  forms  of 
pyrometer  the  writer  is  convinced  both  that  the  thermo-electric 
method  is  by  far  the  most  promising  one  as  the  basis  for  industrial 
pyrometry  as  well  as  for  much  measurement  in  scientific  research,  and 
that  the  LeChatelier  form  (by  Carpentier,  Paris)  of  the  instrument  is 
the  most  generally  satisfactory  one  now  obtainable  on  the  market. 
Yet  for  general  industrial  service  the  LeChatelier  instrument  falls 
short  of  the  requirements  in  two  ways :  First,  it  is  not  sufficiently 
simple  of  manipulation  in  the  setting-up  and  in  the  calibration  to  be 
put  into  the  hands  of  any  but  a  fairly  well  trained  observer.  A  trained 
chemist  of  works,  an  educated  superintendent,  or  any  man  of  such 
caliber,  may  be  expected  to  take  the  instrument  as  sent  by  the  makers, 
mount  it  and  operate  it  successfully,  and  under  such  observers  scores 
of  them  are  rendering  important  service.  The  mere  reading  can  be 
done  by  any  foreman  after  a  few  words  of  explanation.  Second,  the 
conditions  of  steadiness  of  support  requisite  for  the  galvanometer, 
although  often  obtainable,  are  by  no  means  commonly  to  be  found  in 


1  It  may  be  of  interest  to  others,  as  it  was  to  the  writer,  to  learn  that  the  firm  of  Heraeus, 
of  Hannover,  Germany,  which  has  made  platinum  of  exceptional  purity  for  the  Reichsans'alt, 
has  an  agent  in  New  York,  Charles  Engelhard,  41  Cortland  Street,  New  York. 
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those  portions  of  industrial  work  where  the  instrument  is  desired. 
These  facts  are  restricting  the  introduction  of  an  instrument  other- 
wise excellent  in  its  performance  and  marking  a  distinct  onward  step 
in  the  art  of  practical  pyrometry. 

The  urgent  need  of  a  still  more  universally  practicable  pyrometer 
cannot  be  too  strongly  nor  too  often  emphasized.  The  employment  of 
a  reliable  pyrometer  would,  in  a  large  number  of  industrial  processes 
of  great  magnitude,  certainly  result  in  a  notable  advance  in  quality  of 
product,  in  prevention  of  waste,  in  improvement  or  perfection  of  the 
process  itself,  and  in  the  discovery  of  new  methods  and  new  products 
promoting  industrial  progress  and  increasing  profits.  To  cite  an  in- 
stance, there  has  recently  come  to  the  notice  of  the  author  a  case 
where  the  introduction  of  a  modified  LeChatelier  pyrometer  has  put 
an  end  to  a  systematic  loss  of  at  least  20  per  cent,  of  the  whole  out- 
put of  a  factory.  The  product  is  an  article  demanding  a  uniform  and 
exact  tempering  of  steel.  The  pyrometer  has  eliminated  almost  abso- 
lutely the  former  uncertainty  in  the  operation,  beside  affecting  other 
important  gains.  The  profit  to  this  manufacturer  through  the  advance 
of  his  art,  as  well  as  in  competition,  is  obvious. 

This  is  said  here  in  the  hopes  of  stimulating  both  the  increased 
employment  of  the  instrument  and  the  improvement  of  its  design.  If 
a  galvanometer  as  reliable,  as  simple,  and  as  portable  as  the  Weston 
magnetic  voltmeter  could  be  adapted  to  use  in  direct  circuit  with  a 
rhodo-platinum  thermal  couple,  there  would  result,  as  I  have  for  some 
years  urged,  an  almost  ideal  pyrometer  for  technical  work.  Thus  far, 
unfortunately,  the  Weston  instruments  do  not  yield  in  this  combina- 
tion sufficient  sensitiveness  to  admit  of  their  being  put  forward  as 
meeting  any  but  very  special  needs.  Nevertheless,  at  least  one  such 
combination  is  said  to  have  been  successfully  used  for  a  certain  pur- 
pose. The  writer  has  made  repeated  efforts  to  obtain  a  suitable  in- 
strument from  the  Weston  Company  and  from  some  others  without 
success.  He  has,  however,  under  construction  at  the  present  time 
a  form  of  D'Arsonval  galvanometer,  which,  if  it  fulfills  the  specifica- 
tions in  the  manner  guaranteed  by  the  maker,  will  merit  a  description. 
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On  the  Atomic  Weight  of  Oxygen.  Synthesis  of  Weighed 
Quantities  of  Water  from  Weighed  Quantities  of  Hydrogen  and 
Oxygen.  By  Edward  W.  Morley.  Am.  Chem.J.,  17,  267-275,  396.  —  The 
author  gives  a  brief  description  of  some  of  his  elaborate  investigations  on 
the  atomic  weight  of  oxygen.  The  work  is  to  be  published  in  detail  by  the 
Smithsonian  Institution.  The  hydrogen  was  weighed  in  combination  with 
palladium,  and  the  oxygen  in  glass  globes  of  about  20  liters  capacity.  The 
gases  were  brought  together  and  burnt  in  a  specially  constructed  apparatus 
which  had  been  previously  evacuated  and  weighed.  At  the  close  of  the  com- 
bustion the  residual  unburnt  gas  was  removed  from  the  combustion  apparatus, 
measured,  and  analyzed,  and  the  amounts  of  hydrogen  and  oxygen  consumed 
as  given  by  the  loss  of  weight  of  the  respective  reservoirs  corrected  accord- 
ingly. The  combustion  apparatus  was  also  weighed,  showing  the  amount  of 
waier  produced.  The  mean  of  twelve  determinations  of  the  ratio  O :  H  is 
15.8792  ±  0.00032,  the  extreme  values  being  15.877  and  15.882.  The  mean 
of  eleven  determinations  of  the  ratio  H20  :  H  is  17.8785  ±  0.00066,  the  ex- 
treme values  being  17.873  and  17.883.  Thus  the  two  ratios  agree  within  a 
few  thousandths  of  a  per  cent.  The  author  has  also  determined  under  nor- 
mal conditions  (latitude  450,  sea  level)  the  density  of  oxygen :  1.42900,  and 
that  of  hydrogen  :  0.089873,  and  the  volumetric  composition  of  water  at 
o°  :  2.0027,  from  which  a  new  atomic  ratio  O  :  H  of  the  value  15.879  ±  o.oon 
is  derived.  The  atomic  weight  of  oxygen  may  now,  therefore,  be  regarded  as 
definitively  established  to  be  15.879,  with  a  probable  accuracy  of  0.02-0.03 
per  cent. ;  for  the  uncertainty  inherent  in  most  previous  determinations  aris- 
ing from  the  possibility  of  impurity  in  the  gases  is  greatly  diminished  in  the 
present  ones  by  the  complete  synthesis  of  the  water.  The  value,  moreover, 
agrees  well  with  the  results  of  all  recent  determinations  except  that  of  Keiser. 

The  Law  of  Mass  Action.  By  J.  E.  Trevor.  Am.  C/iem.  J.,  17, 
372-374.  —  The  author  derives  the  law  by  an  application  of  the  principle  that 
the  change  in  free  energy  caused  by  a  virtual  displacement  of  a  system  in 
equilibrium  is  equal  to  zero.  In  case  of  the  reaction  NXAX  -\-  N«A^  .... 
=  »!<*!  -|-  «2<72  ...  in  which  Nu  iV2,  nu  «2,  represent  the  number  of  mole- 
cules of  the  reacting  substances  Au  A2,  au  a2,  this  change  is  8  F=  2  n  v  hp 
—  2  NVhP  =  O,  where  /,  P,  are  the  partial  pressures  and  v,  V,  the  molec- 
ular volumes.  Integration  of  this  change  over  the  transformation  of  the 
entire  nu  «2  molecules,  with  help  of  the  relation  /  v  =  R  T,  and  substitution 
of  the  concentration  c  for  the  pressure/,  gives  at  once  the  law  of  mass  action  : 
F=  R  T (2  log  c"  —  2  log  C-%"),  where  F  is  a  constant,  the  total  change  in 
free  energy  corresponding  to  the  transformation  referred  to. 
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On  the  Determination  of  the  Affinities  of  Acids  Colorimetrically 
by  Means  of  Potassium  Dichromate.  Bv  J.  H.  Kastle  and  B.  C.  Keiser. 
Am.  Chem.J.,  17,  443-449.  —  The  work  consists  in  the  determination  of  the 
relative  quantities  of  sodium  hydrate  required  to  produce  in  a  solution  of 
potassium  dichromate  the  same  shade  of  color- as  is  caused  by  the  addition 
of  neutral  sodium  salts  of  various  weak  acids.  The  results  show  that  the  ex- 
tent of  the  conversion  of  the  dichromate  into  chromate  is  greater  the  less 
the  affinity  of  the  acid,  the  effect  with  the  salts  increasing  in  the  following 
order :  bromacetate,  formate,  benzoate,  crotonate,  acetate,  butyrate.  The 
authors'  interpretation  of  the  reaction  as  the  division  of  a  base  between  two 
acids  and  their  calculations  of  the  "affinities"  are  without  theoretical  justifi- 
cation ;  for  potassium  dichromate  is  not  an  acid  salt  of  chromic  acid,  but  a 
completely  neutral  one  of  dichromic  acid,  a  distinct  acid  which  is  shown  by 
electrical  conductivity  measurements  (Ostwald,  Ztschr.  physik.  Chem.,  2,  78) 
to  be  a  very  strong  one.  Moreover,  they  do  not  remark  that  in  several  cases 
the  calculated  amount  of  the  added  salt  decomposed  exceeds  the  total  amount 
of  dichromate  present.  The  equilibrium  is  in  reality  one  between  Cr04  and 
H  ions  on  the  one  hand,  and  Cr207  and  OH  ions  on  the  other.  As  in  the 
experiments  all  four  of  these  quantities  were  variable  and  undetermined,  a 
quantitative  interpretation  of  the  results  is  impossible.  In  view  of  the  fact 
that  the  investigation  is  to  be  continued,  the  abstracter  suggests  that  the  rela- 
tions would  be  very  much  simplified  if  the  authors  should  modify  their  experi- 
ments in  such  a  manner  as  to  determine  the  relative  quantities  of  the  various 
salts  required  to  produce  always  the  same  shades  of  color.  In  that  case,  since 
the  quantities  of  Cr04  and  Cr207  are  necessarily  constant,  and  since  also  the 
quantity  of  H  ions  is  determined  completely  by  the  dissociation  constant  of 
water  and  the  quantity  of  OH  ions,  it  follows  that  the  concentration  of  the. lat- 
ter must  be  constant  likewise.  A  measure  would  thus  be  obtained  of  the  rela- 
tive hydrolysis  of  the  salts  under  the  prevailing  conditions  of  the  experiment. 

On  Ternary  Mixtures.  By  Wilder  D.  Bancroft.  Phys.  Review,  3, 
21-33;  II4-I36;  193-209;  Am.  Acad.  Proc.,  30,324-368.  The  solubility  of  a 
substance  in  a  mixture  of  two  other  substances  forms  the  subject  of  these 
papers.  In  the  first  series  of  ternary  mixtures  investigated,  the  solubility  of 
a  liquid  in  a  mixture  of  varying  proportions  of  two  other  liquids  with  one  of 
which  taken  alone  the  first  liquid  is  miscible  in  all  proportions  and  in  the  other 
of  which  it  is  insoluble.  The  principle  and  the  method  employed  are  illus- 
trated by  the  following  example  :  to  5  cc.  of  alcohol  in  each  of  a  series  of 
tubes,  various  measured  quantities  of  water  are  added,  and  then  by  means  of  a 
burette  chloroform  is  gradually  run  in  until  at  the  chosen  standard  tempera- 
ture a  permanent  turbidity  is  just  produced.  The  amount  of  alcohol  being 
constant,  and  the  amounts  of  water  and  chloroform  present  at  the  saturation 
point  being  designated  by  x  and  y  respectively,  and  «  and  C  being  empirical 
constants,  the  author  derives  by  an  application  of  the  Chemical  Mass  Action 
Law  the  formula  n  log  *  -\-  log  y  ss  log  C ;  or  x"  y  =  C ;  and  shows  that  the 
experimental  results  can  be  expressed  by  an  equation  of  this  kind.  In  the 
theoretical  deduction  the  very  essential  fact  is  completely  overlooked  that 
the  equilibrium  is  one  between  two  phases,  both  of  variable  composition ;  the 
equilibrium  is  not  one  between  pure  chloroform  and  the  mixture  of  alcohol 
and  water,  but  one  between  a  variable  mixture  consisting  mainly  of  chloro- 
form and  alcohol  and  the  mixture  of  alcohol  and  water ;  and  evidently  the 
composition  of  the  first  phase  (disregarded  by  the  author)  is  just  as  essential 
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to  the  equilibrium  condition  as  that  of  the  second.  That  his  formula,  contain- 
ing two  arbitrary  constants  calculated  from  the  experiments  themselves,  is 
capable  of  representing  the  results  is  not  surprising,  since  the  author  claims 
for  them  an  accuracy  of  only  5  per  cent.  —  A  variety  of  other  cases  of  "ter- 
nary mixtures"  are  considered,  and  mathematical  expressions  deduced  for 
them,  but  the  abstracter  does  not  feel  justified  in  discussing  them  in  detail, 
as  they  appear  to  him  utterly  devoid  of  any  real  significance. 

* 

Color  Relations  of  Atoms,  Ions,  and  Molecules.  By  M.  Carey 
Lea.  Am.  J.  Sri.,  49,  357-374.  —  The  author  shows  that  the  property  of  the 
elements  of  forming  colored  compounds  or  ions  is  a  function  of  their  atomic 
weights,  inasmuch  as  the  atomic  weights  of  the  elements  possessing  this  prop- 
erty form  a  number  of  continuous  series  separated  from  each  other  by  ele- 
ments with  only  colorless  compounds.  This  fact  was  long  ago  pointed  out  by 
Bayley  {Phil.  Mag.  (5),  13,  34).  The  author  regards  the  distinction  of  color 
as  fundamental,  and  proposes  a  classification  of  the  elements  based  upon  it 
and  upon  their  atomic  weights,  for  which  reference  must  be  made  to  the  origi- 
nal article.  To  the  abstracter  the  classification  seems  very  artificial.  The 
proposition  repeatedly  stated  by  the  author,  that  an  atom  has  substantially  the 
same  color  whether  present  in  a  molecule  or  an  ion,  is  obviously  incorrect, 
as  is  shown,  for  example,  by  a  comparison  of  the  colors  of  many  anhydrous 
copper  and  cobalt  salts  with  those  of  their  dilute  solutions,  and  most  strik- 
ingly by  the  colors  of  the  violurates  (Wagner,  Ztschr.  physik.  Chem.,  12,  314). 

Argon,  Prout's  Hypothesis,  and  the  Periodic  Law.  By  Edwin 
A.  Hill.  Am.  J.  Sci.,  49,  405-417.  — The  author  discusses  the  atomic  weight 
of  argon,  and  contends  that  the  specific  heat  ratio  1.66,  indicating  that  the 
molecule  is  monatomic,  deserves  relatively  little  weight  in  comparison  with 
the  conclusion  based  on  the  Periodic  Law,  which  clearly  assigns  to  it  an  atomic 
weight  of  20.  He  presents  hypotheses  to  account  for  the  fact  that  a  diatomic 
molecule  may  possess  no  rotatory  energy,  and  argues  that  the  inactivity  of 
argon  can  only  be  understood  when  it  is  assumed  to  consist  of  two  or  more 
firmly  united  atoms.  (The  author  in  several  places  confounds  monatomic 
molecules  with  ions,  overlooking  the  essential  characteristic  of  the  latter,  their 
electric  charges.)  In  conclusion  the  author  suggests  that  the  presence  of 
argon  as  an  impurity  has  vitiated  previous  determinations  of  the  atomic 
weight  of  hydrogen,  and  that  the  ratio  1  :  16,  and  therefore  Prout's  Hypothesis, 
may  still  be  correct.  Morley's  complete  syntheses  entirely  invalidate  this  sug- 
gestion, however. 

Reasons  for  Predicting  the  Existence  of  Argon.  By  C.  J.  Reed. 
/.  Franklin  Institute,  140,  68-76. — The  author  calls  attention  to  the  fact  that 
in  a  paper  read  ten  years  ago  before  the  St.  Louis  Academy  of  Science  he  pre- 
sented a  system  of  arrangement  of  the  elements  according  to  their  atomic 
weights  and  valence,  from  which  he  predicted  the  existence  of  elements  with 
atomic  weights  20  and  36.  With  the  help  of  his  system,  which  cannot  be 
readily  understood  without  the  accompanying  tables,  he  now  predicts  the 
existence  of  several  other  new  elements  with  atomic  weights,  4,  52,  84,  132, 
and  196. 

The  Atomic  Weight  of  Tungsten.  By  Edgar  F.  Smith  and  Enric 
D.  Desi.    J.  Franklin  Institute,  139,  290-294.  —  The  method  used  consists  in 
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the  reduction  of  tungstic  acid  at  a  high  temperature  in  a  current  of  pure 
hydrogen,  weighing  the  water  thereby  produced.  From  the  ratio  WOs  ^H-jOi 
the  mean  value  of  the  atomic  weight  184.70,  with  an  extreme  deviation  of 
0.05  units,  was  obtained  (O  =  16 ;  H=  1.008).  This  value  agrees  well  with 
that  recently  obtained  by  Pennington  and  Smith  (184.90),  but  is  higher  than 
that  of  most  previous  investigators  (184.0).  The  authors  think  that  the  tung- 
sten compounds  hitherto  employed  were  contaminated  by  molybdenum,  an 
impurity  which  yas  completely  removed  by  them  by  igniting  the  tungstic  acid 
at  2000  in  a  current  of  hydrochloric  acid. 

A  Comparison  of  the  Dissociation  Values  Calculated  from  Sol- 
ubility Experiments  and  from  the  Electrical  Conductivity.  By 
Arthur  A.  Noyes  and  Charles  G.  Abbot.  This  Quart.,  8,  47-62.  —  In  the 
case  of  the  three  pairs  of  salts,  thallous  chloride  and  sulphocyanate,  chloride 
and  bromate,  and  sulphocyanate  and  bromate,  the  solubility  of  each  salt  was 
determined  at  40°  in  pure  water  and  in  the  presence  of  an  excess  of  the  other 
salt.  By  means  of  the  Nernst  Laws  of  Solubility  Effect,  without  any  other 
assumption,  the  dissociation  of  the  three  salts  was  calculated,  whereby  two 
independent  values  were  obtained  for  each  salt  corresponding  to  the  two  com- 
binations involving  it.  From  the  fact  that  these  two  values  agree  within  the 
experimental  error  of  about  1  per  cent.,  it  follows  that  the  Solubility  Laws 
are  accurate  within  that  limit  up  to  the  concentration  investigated  (0.03  molec- 
ular). The  electrical  conductivity  of  the  three  salts  in  saturated  solution 
and  at  extreme  dilution  was  also  determined,  and  the  dissociation  values  cal- 
culated from  these  measurements  were  found  to  agree  within  about  1  per  cent, 
with  those  deduced  from  the  solubility  experiments.  The  agreement  of  the 
results  of  these  entirely  independent  methods  strongly  confirms  the  accuracy 
of  the  principles  underlying  them.  The  disagreement  previously  thought  to 
exist  is  shown  to  have  arisen  from  a  false  assumption  in  the  calculation  of 
the  solubility  values. 


Physical  Chemistry. 

H.  M.  Goodwin,  Abstracter. 

Some    Notes   on   Molecular   and   Atomic    Refraction.     By  W.  F. 
Edwards.    Am.  Chem.  J.,  17,  473-506.  —  In  a  previous  paper  {Am.  Chem.  J., 

16,  625)  the  author  proposed  the  formula  =  const.,   for   the    specific 

nd 
refraction  of  a  substance  where  n  is  its  index  of  refraction  and  d  its  density. 
The  deduction  was  based  on  considerations  of  the  difference  of  the  velocity 
of  light  in  free  space  and  in  matter.  The  formula  gave  a  sufficiently  good 
"  constant  "  for  a  number  of  liquids,  although  it  increased  slowly  with  the 
temperature.  Change  of  state  caused  a  large  increase  in  its  value,  showing 
the  formula  to  be  less  satisfactory  than  the  «z-formula.  The  present  paper  is 
a  continuation  of  the  above,  and  contains  a  very  detailed  comparison  of  the 
refractive  constants  of  the  liquids  investigated  by  Landolt,  Briihl,  and  others, 
as  computed  by  Gladstone's,  Lorentz's,  and  the  above  formula.  The  atomic 
refraction  of  hydrogen,  oxygen,  carbon,  nitrogen,  the  halogens,  and  sulphur 
is  recomputed  for  sodium  light  by  all  three  formulas.  The  values  differ 
somewhat  from  those  usually  accepted,  owing  partly  to  the  value  taken  for 
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CH2  and  partly  to  the  method  by  which  the  atomic  refraction  of  hydrogen 
is  obtained.  In  general  the  same  stochiometrical  relations  already  found  for 
the  older  formulae  hold  for  the  one  here  proposed.  That  it  possesses  any 
superiority  over  the  older  formulas,  especially  the  «2-formula,  does  not  appear 
from  the  results.  The  detailed  nature  of  the  article  does  not  permit  of  a 
more  extended  review. 

A  New  Apparatus  for  Determining  Molecular  Weights  by  the 
Boiling-Point  Method.  By  H.  B.  Hite.  Am.  Client.  J.,  17,  507-517. — 
The  first  part  of  the  paper  is  devoted  to  a  description  of  a  number  of  devices 
and  forms  of  boiling  apparatus  tried  by  the  author,  which  for  various  short- 
comings have  been  for  the  most  part  discarded  for  an  improved  form  which 
has  given  very  satisfactory  results  for  the  past  two  years  at  Johns  Hopkins 
University.  The  distinctive  feature  of  this  apparatus  is  the  boiling  flask, 
which  is  so  constructed  that  the  solution  in  the  neighborhood  of  the  ther- 
mometer bulb  is  heated  by  its  own  vapor.  The  thermometer  is  surrounded 
by  a  tube,  the  lower  end  of  which  is'  closed  in  such  a  way  as  to  form  a  kind  of 
inverted  funnel  or  trap,  perforated  at  the  top  by  four  small  holes.  Bubbles 
of  vapor  rising  from  the  bottom  of  the  boiling  flask,  in  which  the  above  de- 
scribed tube  and  thermometer  are  placed,  collect  in  this  trap  and  are  forced 
to  bubble  up  through  the  solution  immediately  surrounding  the  thermometer. 
Superheating  is  thus  effectually  avoided;  and  it  was  found  that  the  thermom- 
eter remained  practically  constant  even  though  the  heat  supply  was  increased 
three  or  four  times.  The  apparatus  has  given  unsatisfactory  results  only  for 
water  and  heavy,  high  boiling  liquids.  The  results  of  several  molecular  weight 
determinations  in  alcohol  and  ether  are  of  surprising  accuracy,  the  computed 
and  theoretical  values  agreeing  within  one  or  two  per  cent.,  and  in  one  series, 
benzoic  acid,  within  a  fraction  of  a  per  cent.  The  apparatus  has  been  put  on 
the  market  by  Eimer  &  Amend  of  New  York. 

A  New  Apparatus  for  the  Determination  of  Molecular  Weights 
by  the  Boiling-Point  Method.  By  W.  R.  Orndorff  and  F.  K.  Cam- 
eron. Am.  Chcm.  J.,  17,  517-531.  The  authors,  having  encountered  difficul- 
ties in  the  use  of  the  ordinary  forms  of  Beckmann's  boiling-point  apparatus 
with  high  boiling  solvents,  chiefly  owing  to  the  action  of  the  solvent  on  the 
rubber  or  cork  stoppers,  and  also  to  the  excessive  time  required  for  the  ther- 
mometer to  set,  have  devised  the  following  simple  form  of  apparatus,  with 
which  these  difficulties  are  for  the  most  part  overcome.  The  boiling  flask  is 
the  outer  jacket  of  a  Victor  Meyer  vapor  density  apparatus,  cut  off  about  30  cm. 
in  length,  and  containing  30-40  grams  of  scrap  platinum  etched  with  aqua 
rcgia  to  facilitate  boiling.  A  large  bulb  Beckmann  freezing-point  thermom- 
eter and  straight  condenser  tube  are  fitted  by  means  of  a  cork  or  rubber  stop- 
per into  the  neck  of  the  flask.  The  thermometer  is  continually  tapped  on  the 
top  by  an  electric  hammer  to  facilitate  the  settling  of  the  mercury.  To  pre- 
vcrtt  condensation  of  the  liquid  at  the  top  of  the  flask,  a  strip  of  wire  gauze 
4  cm.  wide  is  tightly  wound  around  the  neck  of  the  flask  about  two  thirds  the 
way  up.  This  is  in  metallic  connection  with  an  iron  stand,  and  conducts  and 
radiates  sufficient  heat  from  the  flask  to  prevent  condensation  above  this 
point.  The  error  arising  from  the  aneroid  effect  of  a  large  bulb  thermome- 
ter is  small,  as  the  thermometer  "sets"  itself  within  two  or  three  minutes 
after  the  substance  is  introduced.  A  whole  series  of  measurements  can  thus 
be  made  easily  in  half  an  hour.     Molecular  weight  determinations  of  a  num- 
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ber  of  substances  in  carbondisulphide,  chloroform,  benzene,  toluene,  pyridine, 
ethylenebromide,  anisol,  phenetol,  and  naphthalene  are  given.  The  apparatus 
as  described  appears  to  the  abstracter  to  have  one  disadvantage,  namely,  in 
requiring  so  large  a  quantity  (100-200  grams)  of  solvent  and  a  correspond- 
ingly large  amount  of  dissolved  substance ;  this  would  be  a  serious  objection 
to  its  use  in  the  case  of  many  difficultly  obtainable  organic  compounds. 

Some  Physical  Aspects  of  the  New  Gas  Argon.  The  Ideal 
Thermometrical    Substance     for    High    Temperatures.      By  W.   R. 

Quinan.  J.  Am.  Chern.  Soc,  17,  477-483.  —  The  objection  is  raised  to  the  use 
of  the  ordinary  gases  in  air  thermometers  for  high  temperature  measurements 
that,  being  diatomic,  they  may  at  these  temperatures  become  dissociated. 
Argon,  on  the  other  hand,  being  monatomic  and  incapable  of  dissociation,  is 
at  high  temperatures  an  ideal  thermometric  substance.  With  it  the  author 
thinks  we  may  be  able  to  detect  and  measure  at  high  temperatures  dissocia- 
tion of  the  so-called  permanent  gases  and  attack  problems  at  present  beyond 
our  reach.  That  argon  may  not  yet  prove  to  be  a  diatomic  gas,  with  its  atoms 
very  firmly  bound  together,  appears  to  the  abstracter  by  no  means  certain. 
The  question  of  its  atomic  weight  cannot  as  yet  be  regarded  as  definitely  set- 
tled. It  would,  therefore,  be  very  interesting  to  subject  argon  to  the  experi- 
ments of  Le  Chatelier  on  the  specific  heat  of  gases  at  constant  volume.  If 
monatomic,  its  specific  heat  would  probably  be  independent  of  the  tempera- 
ture up  to  very  high  temperatures  2,ooo°-3,ooo°.  At  these  temperatures  the 
specific  heat  of  the  permanent  gases,  on  the  other  hand,  is  known  to  increase. 
Even  armed  with  this  new  instrument  of  research,  the  abstracter  cannot  feel  as 
sanguine  as  the  author  of  a  new  epoch  of  activity  and  triumphs  for  the  kinetic 
theory.  While  difficulties  necessarily  arise  in  the  application  to  special  cases 
of  laws  of  such  generality  as  those  of  energetics,  yet  the  triumphs  won  in  the 
last  few  years  by  their  application,  while  the  kinetic  theory  has  lain  dormant, 
leave  little  room  for  questioning  the  relative  power  of  the  two  methods. 

On  the  Vapor-Tensions  of  Mixtures  of  Volatile  Liquids.  By 
C.  E.  Linebarger.  J.  Am.  Chem.  Soc,  17,  615-652  ;  690-718.  —  The  author 
points  out  that  simple  stochiometric  relations  are  most  likely  to  be  discov- 
ered in  this  complex  chapter  of  solutions  by  the  use  of  miscible  liquids  not 
liable  to  "  association  "  and  by  the  determination  of  the  partial  vapor  pres- 
sure of  each  component  in  the  vapor  mixture.  The  method  employed  con- 
sisted in  passing  a  known  volume  of  dry  air  through  the  mixture,  and  measur- 
ing the  total  amount  of  liquid  vaporized  and  the  amount  of  one  constituent  of 
the  vapor.  This  was  done  by  choosing  in  all  cases  one  of  the  liquids  an  acid 
or  a  halogen  or  sulphur  compound,  the  acid  being  determined  by  absorption  in 
a  bulb  containing  alkali,  and  the  halogen  or  sulphur  by  a  combustion.  For 
details  of  the  method,  the  sources  of  error  of  which  are  fully  discussed,  refer- 
ence must  be  made  to  the  original.  Experiments  on  pure  liquids  showed  the 
method  to  give  very  satisfactory  results,  agreeing  within  1  mm.  with  previous 
determinations  when  the  vapor  pressure  was  not  over  100  mm.  For  more 
volatile  liquids  the  method  was  less  satisfactory.  The  vapor  pressures  of  the 
following  mixtures  were  measured  at  34.80.  (1)  Monochlor-  and  monobrom- 
benzene  in  benzene  and  toluene ;  (2)  Chloroform  in  benzene  and  toluene  ; 
(3)  Carbontetrachloride  in  benzene  and  toluene  ;  and  (4)  Nitrobenzene  in 
carbontetrachloride.  In  all  cases  the  total  vapor  pressure  of  the  mixed  liquids 
•was  greater  than  the  tension  of  the  less  volatile  and  less  than  that  of  the  more 
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volatile ;  and  the  partial  pressure  of  each  component  was  less  than  its  vapor 
pressure  in  a  state  of  purity.  Group  (1)  showed  the  simplest  relations,  both 
the  partial  pressures  and  the  total  pressure  being  linear  functions  of  the  rela- 
tive molecular  composition  of  the  liquid  mixture.  This  was  true  in  (2)  and 
(3)  of  the  partial  pressures  only  of  benzene  and  toluene  ;  the  curve  for  the 
other  constituent  as  well  as  for  the  total  pressure  was  for  the  mixtures  in  (2) 
concave  to  the  theoretical  linear  curve,  and  for  those  in  (3)  partly  concave 
and  partly  convex,  possessing  a  point  of  inflection  for  a  concentration  of  about 
sixty.  The  partial  pressure  curve  of  the  carbontetrachloride  in  (4)  does  not 
differ  much  from  the  total  pressure  curve,  as  the  second  constituent  is  nearly 
non-volatile.  Some  calorimetric  measurements  were  also  made  of  the  heat 
evolved  on  mixing  the  liquids  considered  in  groups  (1)  and  (2).  This  was 
found  to  be  practically  zero  for  the  liquids  in  the  former  group,  but  quite  ap- 
preciable for  those  in  the  latter.  These  results  are  in  agreement  with  the 
thermodynamical  deductions  of  Kirchhoff  and  others.  Finally,  experiments 
were  made  on  the  vapor  pressure  of  an  associated  liquid,  acetic  acid,  in  ben- 
zene and  toluene.  The  partial  pressure  was  found  to  be  a  linear  function  of 
the  concentration  and  independent  of  the  nature  of  the  solvent.  Based  on" 
this,  and  the  fact  that  the  partial  pressure  curves  of  benzene  and  toluene  are 
linear  for  all  solutions,  the  author  shows  how  the  molecular  weight  of  acetic 
acid  may  be  obtained  for  any  concentration,  and  also  for  the  pure  acid  itself. 
This  was  found  to  be  240  at  350  and  244  at  25°.  The  method  is  suggested  as 
one  of  general  application  for  the  determination  of  the  molecular  weight  of 
liquids  at  any  temperature. 

On  Some  Relations  between  Temperature,  Pressure,  and  Latent 
Heat  of  Vaporization.  By  C.  E.  Linebarger.  Am.  J.  Sci.,  49, 380-396. — 
Under  this  title  the  author  gives  in  Part  I  a  brief  historical  account  of  the 
most  important  papers,  both  theoretical  and  experimental,  bearing  on  the  rela- 
tion between  temperature,  pressure,  and  latent  heat  of  vaporization.  It  is 
pointed  out  that  "  Trouton's  "  law,  stating  that  the  molecular  heat  of  vaporiza- 
tion is  proportional  to  the  absolute  temperature  at  which  vaporization  takes 
place,  was  formulated  eight  years  previously  by  Pictet,  and  also  by  van  der 
Waals.  —  In  Part  II  are  tabulated  the  latent  heat  (p),  temperature,  pressure. 

molecular  weight  (fi),  and  value  of  ft£  for  over  one  hundred  liquids,  followed 

by  a  discussion  of  the  relative  reliability  of  the  determinations.  —  In  Part  III 
Trouton's  law  is  discussed  in  the  light  of  the  preceding  results.  It  is  found 
that,  rejecting  results  on  alcohols,  acids,  and  nitro  compounds,  as  well  as  on 

water  and  acetone,  the  expression    ^iE  gives  a  very  good  constant,  the  mean 

value  of  which  for  about  seventy  liquids  is  20.70.  For  the  following  classes  of 
compounds  the  constants  found  are  :  for  elements  and  inorganic  compounds, 
20.41  ;  for  hydrocarbons,  20.19;  for  halogen  compounds,  20.63;  for  esters, 
20.87.  For  water  and  the  alcohols  the  constant  is  considerably  greater  (ap- 
proximately 26.0),  while  for  certain  of  the  organic  acids  it  is  abnormally  small 
(about  13.0).  These  anomalies  the  author  explains  on  the  assumption  of  asso- 
ciation of  the  liquid  molecules  in  the  former  case,  and  association  of  the  vapor 
molecules  in  the  latter.  He  bases,  in  fact,  a  new  criterion  for  the  judgment  of 
the  degree  of  association  of  a  liquid  or  vapor  on  the  deviation  of  Trouton's 
constant  from  its  mean  value  20.7  for  normal  liquids.     Thus  the  molecules  of 
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nitromethane  and  nitroethane  should  be  associated,  a  conclusion  borne  out 
in  the  case  of  the  latter  by  Ramsay's  and  Shields's  measurements  on  surface 
tension. — In  Part  IV  a  formula  is  derived  by  means  of  which  the  variation  in 
boiling  point  with  the  pressure  may  be  calculated  approximately  when  the 
latent  heat  of  vaporization  of  the  liquid  is  unknown.     Eliminating  p  and  v 

from    the  well-known    equation    — £  =  J—     by    means    of    Trouton's    law 

d  T        I'v 

(/j,p  =  CT)  and  Boyle's   law,  the  equation    —  =    results.      The 

dp  380  C 

value  of  C  to  be  taken  in  the  calculation  depends,  evidently,  on  the  class  of 
compounds  to  which  the  liquid  under  consideration  belongs.  For  normal 
liquids  an  accuracy  of  1  or  2  per  cent,  may  be  hoped  for,  but  for  associ- 
ated liquids  (or  vapors)  the  chance  for  error  in  the  value  of  C  is  so  great  that 
only  roughly  approximate  results  can  be  obtained. 

On  the  Electrolytic  Conductivity  of  Concentrated  Sulphuric 
Acid.  By  Dr.  K.  E.  Guthe  and  L.  J.  Briggs.  Physical  Review,  3,  141- 
151.  —  The  conductivity  of  solutions  of  this  acid  varying  in  strength  from 
73.88  per  cent,  to  97  per  cent,  were  measured  at  temperatures  from  0°  to  30°. 
The  method  employed  differed  from  the  usual  Kohlrausch  method  in  that  an 
alternating  current  from  a  two-phase  dynamo  and  an  electrodynamometer  as 
indicating  instrument,  were  used.  The  results  show  a  minimum  molecular 
conductivity  at  a  dilution  of  v  =  .0641,  independent  of  the  temperature. 
This  corresponds  to  a  percentage  composition  of  84.6,  i.e.,  very  nearly  to  the 
hydrate  H2S04  -f-  HaO.  The  minimum  becomes  less  pronounced  with  rising 
temperature,  thus  confirming  the  results  previously  obtained  by  Kohlrausch 
and  others.  The  specific  conductivity  of  H2S04  -j-  H20  both  in  the  liquid 
and  solid  state  was  also  measured.  A  slight  discontinuity  was  found  in  pass- 
ing from  one  state  to  the  other.  That  such  a  discontinuity  really  exists 
seems  to  the  abstracter  doubtful,  especially  as  the  temperature  coefficient  in 
the  neighborhood  of  the  melting  point  is  enormous.  Graetz's  observations 
on  fused  electrolytes  show  no  discontinuity  in  the  conductivity  at  the  melting 
point,  although  the  temperature  coefficient  was  found,  as  above,  to  be  large. 
Throughout  the  article  the  authors  have  confounded  molecular  with  equiva- 
lent volumes  and  conductivity,  the  results  given  being  expressed  in  terms  of 
the  latter  and  not  of  the  former  as  stated.  That  molecular  conductivities 
should  be  referred  to  molecular  concentrations  (or  volumes)  and  not  to  per- 
centage concentrations  has  long  been  recognized. 

Preliminary  Table  of  Solar  Spectrum  Wave  Lengths  VI.  By 
Henry  A.  Rowland.  Astrophysical  J.,  I,  295-304,  377-392;  2,  45-54; 
109-119;  r8o-i97_  —  The  above  articles  are  a  continuation  of  previous  tables 
(this  Quart.,  8,  94).  The  wave  lengths  given  in  these  references  extend  from 
4266.233-5429.186. 

Inorganic  Chemistry. 

H.  P.  Talbot,  Abstracter. 

Sulphiodide  of  Lead.  By  Victor  Lenher.  J.  Am.  Chem.  Soc,  17, 
511-513.  —  When  hydrogen  sulphide  is  added  to  a  solution  of  lead  iodide, 
with  an  excess  of  potassium  iodide,  a  brick  red  precipitate  forms,  which 
changes  rapidly  on  further  addition  of  the  gas  through  dark  red  and  brown 
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to  black.  By  the  use  of  sulphuretted  hydrogen  water  the  red  precipitate  was 
obtained,  filtered,  washed  successively  with  potassium  iodide  solution,  cold 
water,  absolute  alcohol,  carbon  bisulphide,  and  again  with  absolute  alcohol, 
and  dried  in  a  current  of  cold  air.  The  iodosulphide  is  decomposed  into  lead 
iodide  and  lead  sulphide  by  heat,  acids,  alkalies,  or  long  exposure  to  light. 
The  results  of  analyses  (the  methods  employed  are  stated)  approximate  those 
required  by  the  formula  PbS.4PbI2. 

The  Tungstates  and  Molybdates  of  the  Rare  Earths.  By  Fanny  R. 
M.  Hitchcock.  J.  Am.  Chem.  Soc,  17,  483-494  and  520-537.  —  The  conclu- 
sions from  the  results  of  a  large  number  of  experiments,  the  details  of  which 
are  carefully  stated  in  the  article,  are  the  following :  The  tungstates  and 
molybdates  are  precipitated  quantitatively  by  nearly  all  the  rare  earths,  and  a 
separation  of  the  two  acids  by  this  means  is  impracticable.  Since  molybdic 
acid  is  thrown  down  by  uranyl  solutions  when  tungstates  are  present,  although 
not  precipitated  by  these  solutions  when  alone,  no  separation  can  be  effected 
by  that  method.  The  tungstates  and  molybdates  of  the  rare  earths  are  rela- 
tively insoluble  bodies  ;  those  of  neodymium  and  praesodvmium  are  repre- 
sented by  the  symbols  Nd2(Mo04)8,  Nd2(W04)„,  and  Pr2(Mo04)a,  Pr2(W04)8. 
The  problem  of  the  separation  of  tungstic  and  molybdic  acids  from  the 
oxides  of  the  rare  earths  has  not  yet  been  satisfactorily  solved. 

Note  on  the  Purification  of  Glucinum  Salts.  By  Edward  Hart. 
/  Am.  Chem.  Soc,  17,  604-605.  —  The  author  separates  the  glucinum  from 
iron  and  aluminum  by  conversion  into  sulphates,  and  the  addition  of  potas- 
sium, which  separates  the  greater  portion  of  the  aluminum  as  alum  by  crystal- 
lization. The  remainder  of  the  aluminum,  with  all  the  iron,  is  removed  by  the 
cautious  addition  of  sodium  carbonate.  The  glucinum  still  remains  in  solu- 
tion as  a  basic  sulphate  at  the  slight  degree  of  acidity  which  admits  of  the 
precipitation  of  the  other  metals  named. 

The  Action  of  Phosphorus  Pentachloride  upon  the  Dioxides 
of  Zirconium  and  Thorium.  By  Edgar  F.  Smith  and  Harry  B.  Harris. 
J.  Am.  Chem.  Soc,  17,  654-656.  —  Phosphorus  pentachloride  is  found  to  act 
upon  zirconium  dioxide  at  1900  C.  when  heated  together  in  sealed  glass  tubes 
from  which  the  air  has  been  exhausted.  When  distilled  in  an  atmosphere  of 
chlorine  the  product  is  crystalline,  and  is  found  to  correspond  to  zirconium 
tetrachloride  in  composition.  Under  similar  conditions,  but  at  a  tempera- 
ture of  240°,  thorium  dioxide  yields  thorium  tetrachloride.  No  evidence  of 
any  double  compound  containing  phosphorus  was  found. 

Action  of  Hydrochloric  Acid  Gas  upon  Salts  of  the  Elements 
of  Group  V  of  the  Periodic  System.  By  Edgar  F.  Smith  and  Jos.  G. 
Hibbs.  J.  Am.  Chem.  Soc,  17,  682-686.  —  It  is  found  that  when  sodium  nitrate, 
sodium  pyroarsenate,  magnesium  pyroarsenate,  and  lead  arsenate  are  sub- 
jected to  an  atmosphere  of  hydrochloric  acid  gas,  with  gentle  warming,  the 
acid  constituent  is  entirely  replaced,  leaving  only  the  chloride  of  the  metal, 
while  under  the  same  conditions  sodium  pyrophosphate  remains  unaltered. 
It  is  possible  to  utilize  this  fact  for  the  separation  of  arsenic  and  phosphoric 
acids.  The  exact  form  in  which  the  arsenic  is  volatilized  is  uncertain,  and 
will  be  the  subject  of  further  investigations,  as  well  as  the  action  of  the  halo- 
gen acids  upon  vanadates,  nitrates,  arsenates,  and  phosphates. 
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The  Action  of  Haloid  Acids  in  Gas  Form  upon  the  Salts  of 
Elements  of  Group  V  of  the  Periodic  System.  By  Edgar  F.  Smith 
and  Fred  L.  Meyer.  /.  Am.  Chem.  Soc,  17,  735-739.  —  Sodium  nitrate, 
when  subjected  to  the  action  of  hydrofluoric  acid  gas  in  an  iron  tube,  loses 
all  of  its  acid  constituent  with  the  formation  of  sodium  fluoride,  while  sodium 
phosphate  is  unaltered,  and  vanadates  and  arsenates  are  only  partially  decom- 
posed.—  Hydrobromic  acid  converts  the  nitrates  and  arsenates  to  bromides, 
partially  volatilizes  the  vanadic  acid  with  the  probable  formation  of  oxvbro- 
mides  of  vanadium,  and  fails  to  attack  the  phosphates.  A  separation  of 
arsenic  and  phosphoric  acids  is  possible  through  the  use  of  hydrobromic  acid 
gas.  —  Hydriodic  acid  replaces  nitric  and  arsenic  acids,  while  phosphates  are 
unaltered.  It  has  been  further  found  that  antimonates  are  decomposed  by 
hydrochloric  acid  gas,  columbium  yields  volatile  products  with  hydrochloric 
acid  and  hydrobromic  acid,  tantalum  is  but  slightly  acted  upon  by  hydro- 
chloric acid,  but  both  the  oxides  of  tantalum  and  columbium  are  volatilized 
by  hydrofluoric  acid.  Bismuth  and  didymium  have  not  yet  been  studied  in 
this  connection.     Compare  the  preceding  abstract. 

Uranium  Oxynitride  and  Uranium  Dioxide.  By  Edgar  F.  Smith 
and  T.  Merritt  Mathews.  J.  Am.  Chem.  Soc,  17,  686-688.  —  By  heating 
uranyl  chloride  (U02C12)  in  a  current  of  dry  ammonia  a  dull  black  residue 
was  obtained,  which  contained  nitrogen  but  no  chlorine,  and  reduced  silver 
nitrate  to  metallic  silver.  Uranium  and  nitrogen  determinations  pointed  to 
the  symbol  UnN6Oa5.  Other  experiments  show  that  the  composition  of  the 
product  varies  with  time  and  temperature  of  exposure.  —  Uranium  dioxide  was 
prepared  from  the  oxide  U308  by  mixing  with  a  large  excess  of  dry  ammonium 
chloride  in  a  Hessian  crucible  surrounded  by  charcoal,  and  submitting  the 
crucible  to  a  white  heat  for  six  hours. 

A  Study  of  the  Chemical  Behavior  of  Ammonia  toward  Fer- 
ric Chloride  and  Ferrous  Chloride.  By  Alfred  S.  Miller.  Am. 
Chem.  J.,  17,  570-578.  —  The  author  finds  that  ferric  chloride  when  exposed 
at  laboratory  temperatures  to  an  atmosphere  of' ammonia  will  absorb  six 
molecules,  forming  the  compound  FeCl3.6NH3,  which  is  insoluble  in  water, 
does  not  deliquesce,  and  from  which  the  chlorine  and  ammonia  can  be  re- 
moved by  washing.  It  is  gradually  dissociated  between  ioo°C.  and  28o°C, 
with  the  formation  of  ammonium  chloride,  and  is  entirely  dissociated  at  the 
latter  temperature.  It  absorbs  chlorine  with  the  evolution  of  heat.  Ferric 
chloride  will  hold  five  molecules  of  ammonia  at  ordinary  temperatures  in 
a  dry  atmosphere;  it  becomes  FeCl3.4NH3  at  ioo°C.  —  Ferrous  chloride 
absorbs  six  molecules  of  ammonia  at  laboratory  temperatures,  and  this  com- 
pound oxidizes  very  readily.  At  ioo°C.  the  compound  becomes  FeCl2.2NH3. 
No  evidence  was  found  that  ammonia  is  able  to  reduce  ferric  chloride  at 
any  temperature. 

On  Some  Compounds  Containing  Lead  and  Extra  Iodine.  By 
H.  L.  Wells.  Am.  J.  Set.,  50,  21-26.  —  The  author  has  isolated  and  re- 
investigated the  compound  5Pb(CH3C02)2.3KI.6I  previously  prepared  by 
Johnson  (J.  Chem.  Soc,  33,  189),  and  the  compound  PbI2.Pb0.3l.H20  pre- 
pared by  Groger  {Monatsh.  Chem.,  13,  510).  He  has  established  the  sym- 
bols as  stated,  but  finds  no  relation  between  these  compounds,  nor  of  either 
to  the  compound  2PbIo.3KLI.4H2O,  which  he  had  previously  prepared  (Am. 
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/.  Set.  46,  190).  In  none  of  them  is  there  to  be  found  any  evidence  of  the 
existence  of  lead  tetraiodide.  Classen  and  Zahorski  have  prepared  a  salt  in 
which  quinoline  takes  the  place  of  the  alkali  metal  in  the  preceding,  to  which 
they  assign  the  symbol  (C9H7NH)2PbI6  (Ztschr.  anorg.  Chem.,  4,  107).  In  this 
the  lead  appears  to  exist  as  tetraiodide. 

On  the  Double  Salts  of  Caesium  Chloride  with  Chromium  Tri- 
chloride and  with  Uranyl  Chloride.  By  H.  L.  Wells  and  B.  B.  Bolt- 
wood.  Am.  J.  Set.,  50,  249-252.  —  Two  double  salts  of  caesium  and  chro- 
mium were  prepared.  One  of  these,  2CsCl.CrCl8.H20,  is  violet  in  color,  stable 
in  air,  and  does  not  lose  water  at  1600.  It  forms  a  green  solution  from  which 
the  salt  2CsCl.CrCIs.4H2O  is  deposited,  at  ordinary  temperatures,  as  green 
crystals.  These  crystals  are  deliquescent  and  stable  over  sulphuric  acid, 
but  lose  three  molecules  of  water  at  no°,  changing  to  the  violet  salt.  The 
composition  of  the  violet  salt  corresponds  to  the  series  of  double  salts 
prepared  by  Neumann  (Ann.  Chem.,  244,  329).  —  One  double  compound  of 
caesium  and  uranium  only  could  be  formed.  This  crystallized  as  yellow 
blade-like  crystals  of  the  composition  2CsCl,  U02C12. 

Reaction  of  Sodium  Hyposulphite  on  Mercurous  Chloride.  By 
C.  H.  Lewis.  Bull.  Missouri  Min.  Club,  I,  10.  —  The  reaction  between 
these  two  salts  is  supposed  by  the  author  to  take  place  in  this  way: 

2HgCl  +  Na2S2Os  +  H20  =  Hg2S  +  2NaCl  +  H2S04. 

Very  little  experimental  evidence  is  offered  in  confirmation  of  this  reaction. 

H.  Fay. 

Analytical  Chemistry. 

H.  P.  Talbot,  Abstracter. 

On  the  Determirlajtion  of  Small  Quantities  of  Phosphoric  Acid 
by  the  Citrate  Method.  By  E.  G.  Runyan  and  H.  W.  Wiley.  J.  Am. 
Chem.  Soc.  17,  513-517.  —  The  authors  find  that  a  satisfactory  agreement  can 
be  obtained  between  the  citrate  method  and  the  molybdenum  method  of  the 
Association  of  Official  Agricultural  Chemists,  when  the  percentages  of  phos- 
phoric acid  in  natural  rock  phosphates  exceed  5  per  cent.  When  the  per- 
centages are  lower  than  that  amount  (and  frequently  when  they  are  less  than 
10  per  cent.)  it  is  advisable  to  add  sufficient  phosphoric  acid  to  bring  the 
total  percentage  up  to  15  per  cent.,  or  above.  The  solution  of  phosphoric 
acid  added  may  be  made  from  pure  phosphate  rock  or  pure  phosphate  salts. 
The  authors  claim  that  the  citrate  method  is  more  rapid  and  less  expensive 
than  the  official  method.  They  have  not  yet  tested  its  applicability  to  natu- 
ral iron  and  aluminum  phosphates. 

A  New  Table  for  the  Qualitative  Separation  of  the  Metals  of 
the  Iron  Group.  By  C.  L.  Hare.  J.  Am.  Chem.  Soc.  17,  537-539.  —  The 
scheme  proposed  differs  from  the  customary  methods  of  separation  at  two 
points,  the  oxidation  of  chromic  oxide  to  chromic  acid  by  means  of  hydrogen 
peroxide,  and  the  separation  of  cobalt  and  nickel  by  means  of  sodium  sul- 
phide.    In  the  scheme  submitted  the  hydrates  of  iron,  chromium,  and  alumi- 


316  Review  of  American  Chemical  Research. 

num  are  thrown  down  by  ammonia  (with  ammonium  chloride),  and  these 
hydrates  are  treated  first  with  hot  sodium  hydrate  to  remove  the  aluminum, 
and  then  with  hydrogen  peroxide,  the  chromium  passing  into  the  filtrate  from 
the  iron  as  sodium  chromate.  —  The  sulphides  of  cobalt  and  nickel,  isolated 
according  to  the  usual  procedure,  are  dissolved  in  aqua  regia,  the  excess  of 
acid  expelled,  and  some  tartaric  acid  and  a  large  excess  of  sodium  hydrate 
added.  If  hydrogen  sulphide  be  passed  into  this  solution  to  complete  pre- 
cipitation, the  cobalt  will  all  be  found  in  the  precipitate  and  the  nickel  in  the 
filtrate,  from  which  it  can  be  separated  by  dilute  hydrochloric  acid.  The  usual 
confirmatory  tests  are  used. 

The  Determination  of  Nitrogen  in  Fertilizers  Containing  Ni- 
trates. By  H.  C.  Sherman.  /.  Am.  Chem.  Soc,  17,  567-576.  —  The  author 
states  in  detail  his  experiences  with  fertilizers  containing  nitrates,  and  nitrates 
with  chlorides.  The  results  of  his  work  seem  to  warrant  the  statements  that 
for  fertilizers  containing  little  or  no  chlorides  the  official  methods  are  reliable 
if  closely  followed;  that  the  modified  Kjeldahl  method  (with  zinc  dust)  should 
be  used  with  fertilizers  containing  chlorides  in  considerable  quantity,  the  acid 
mixture  being  cooled  before  its  addition  to  the  substance,  and  digested  for 
some  time  before  the  addition  of  the  zinc  dust;  that  to  determine  high  per- 
centages of  nitrogen  as  nitrates  by  the  Gunning  method  it  is  necessary  to 
continue  the  boiling  for  some  time  after  the  liquid  is  colorless,  or  to  use 
potassium  permanganate  to  complete  the  action. 

Electrolytic  Separations.  By  Edgar  F.  Smith  and  Daniel  L.  Wal- 
lace. J.  Am.  Chem.  Soc,  17,  612-615. —  From  a  series  of  experiments  made 
to  determine  the  influence  of  increased  temperature  upon  electrolytic  sepaia- 
tions  in  cyanide  solution,  the  authors  find  that  mercury  can  be  separated  from 
cadmium,  zinc,  nickel,  and  cobalt  at  650  C.  in  from  three  to  three  and  a  half 
hours,  with  a  current  representing  from  0.02  to  0.08  ampere  units  per  minute, 
for  100  sq.  cm.  of  electrode  surface;  gold  can  be  separated  from  cobalt,  arsenic, 
copper,  zinc,  and  nickel  at  650  C.  in  about  three  hours,  the  current  represent- 
ing o.i  ampere ;  silver  can  be  separated  from  zinc,  nickel,  and  cobalt  in  three 
hours,  with  a  current  showing  0.04  ampere.  The  metals  deposited  were  free 
from  impurities.  It  was  found  that  while  cadmium  may  be  completely  depos- 
ited from  its  double  cyanide  solution  in  the  cold,  it  is  not  possible  to  bring 
this  about  at  the  temperature  employed,  65°  C. 

The  Electrolytic  Determination  of  Ruthenium.  By  Edgar  F. 
Smith  and  Harry  B.  Harris.  J.  Am.  Chem.  Soc.,  17,  652-654.  —  The  ruthe- 
nium was  brought  into  solution  as  ruthenium  potassium  chloride,  made  from 
the  metal  by  fusion  with  potassium  nitrate  and  hydroxide,  and  crystallization. 
The  platinum  dish  was  coated  on  its  inner  surface  with  copper.  When  the 
double  salt  is  mixed  with  sodium  acetate  and  subjected  to  a  current  of  0.01- 
0.05  amperes  per  100  cm.2  of  electrode  surface,  the  ruthenium  is  thrown  out  as 
a  dull  black  deposit,  tending  to  become  spongy.  If,  however,  about  1  gram 
of  disodium  phosphate  and  1  cc.  of  phosphoric  acid  were  added  to  a  solu- 
tion containing  0.04  gram  of  ruthenium,  the  deposit  was  steel-like  and  bright, 
without  any  indication  of  sponginess.  It  was  washed  with  warm  water  and 
absolute  alcohol.  About  six  hours  are  necessary  for  precipitation.  The  sepa- 
ration of  0.01  gram  of  ruthenium  from  0.1  gram  of  iridium  was  successfully 
accomplished  in  the  presence  of  sodium  phosphate  and  phosphoric  acid  with 
a  current  of  0.0 1  ampere. 


Review  of  American  Chemical  Research.  317 

Separation  of  Iron  from  Beryllium.  Bv  Elizabeth  A.  Atkinson 
and  Edgar  F.  Smith.  J.  Am.  Chem.  Soc.,  17,  688-689.  —  The  separation  of 
iron  from  beryllium  was  effected  by  the  use  of  nitroso-/S-naphthol  solution, 
which  was  added  to  the  cold  solution  of  the  two  metals.  After  twelve  hours 
the  separation  of  the  iron  was  complete  and  satisfactory.  It  was  found  that 
neither  the  salts  of  uranium,  cerous  salts,  nor  the  nitrates  of  lanthanum- 
ammonium,  praesodymium,  neodymium,  terbium,  erbium,  nor  the  molybdate 
or  tungstate  of  sodium  would  yield  precipitates  with  the  nitroso-/3-naphthol. 
Zirconium  chloiide  gave  an  orange  precipitate,  and  eerie  ammonium  nitrate 
a  scarlet  precipitate,  which  was  not  complete. 

Warning  Against  the  Use  of  Fluoriferous  Hydrogen  Peroxide 
in  Estimating  Titanium.  Bv  W.  F.  Hillebrand.  J.  Am.  Chem.  Soc.,  17, 
718-719.  —  The  author  points  out  that  the  presence  of  even  a  minute  quantity 
of  hydrofluoric  acid  in  the  hydrogen  peroxide  employed  in  Weller's  method  is 
fatal  to  accuracy.     Hydrofluosilicic  acid  is  almost  equally  harmful. 

On  the  Determination  of  Formic  Acid  by  Titration  with  Potas- 
sium Permanganate.  By  Harrv  C.  Jones.  Am.  Chem.  J.,  17,  539-541. — 
The  author  finds  it  advisable  to  add  an  excess  of  standard  potassium  perman- 
ganate solution  to  the  warm  solution  of  formic  acid  which  has  been  made 
alkaline  by  sodium  carbonate.  The  alkaline  solution  is  then  acidified  with 
sulphuric  acid,  and  a  measured  quantity  of  an  oxalic  acid  solution  is  run  in 
until  both  the  precipitated  oxide  and  the  permanganate  are  reduced.  The 
excess  of  oxalic  acid  is  then  titrated  for  with  permanganate.  A  volume  of 
the  oxalic  acid  solution  equal  to  that  originally  measured  out  is  also  titrated 
with  the  permanganate  solution.  From  these  data  the  amount  of  formic  acid 
can  be  calculated.  It  was  found  impracticable  to  determine  oxalic  acid  and 
formic  acid  in  the  same  solution  by  titration  with  the  permanganate,  as  pro- 
posed by  Saint-Gilles.     (Ann.  chim.  phys.  (3)  55,  374.) 

The  Estimation  of  the  Halogens  in  Mixed  Silver  Salts.  By 
F.  A.  Gooch  and  Charlotte  Fairbanks.  Am.  J.  Set.,  50,  27-32.  —  A  com- 
parison of  the  various  published  methods  for  the  estimation  of  the  halogens 
in  mixed  silver  salts  led  the  authors  to  adopt  that  of  Kinnicutt  (Am.  Chem.  J., 
4,  22),  with  some  modifications.  The  asbestos  (Gooch)  filter  in  a  platinum  cru- 
cible is  employed  to  collect  the  salts,  the  asbestos  being  covered  with  a  perfo- 
rated platinum  disc  to  secure  perfect  conductivity.  After  washing  and  drying, 
the  silver  salts  are  fused  by  placing  the  crucible  on  an  anvil  and  directing  a 
small  blowpipe  flame  on  the  upper  part.  A  10  per  cent,  solution  of  oxalic 
acid  in  25  per  cent,  alcohol  is  substituted  for  the  sulphuric  acid  of  Kinnicutt's 
process  when  bromine  and  chlorine  are  present,  or  a  mixture  of  ammonium 
acetate,  alcohol,  and  aldehyde,  if  iodine  be  present.  By  the  action  of  the 
current  metallic  silver  is  deposited,  which  is  washed,  dried,  and  ignited  in 
the  crucible.  It  was  shown  that,  under  the  conditions  given,  the  platinum 
was  not  appreciably  attacked  by  the  liberated  halogens. 

The  Determination  of  Selenious  Acid  by  Potassium  Perman- 
ganate. By  F.  A.  Gooch  and  C.  F.  Clemons.  Am.  J.  Set'.,  50,  51-54. — 
To  effect  the  determination  of  selenious  acid  by  permanganate,  the  solution 
should  contain  not  more  than  5  per  cent,  of  strong  sulphuric  acid  at  the  start. 
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The  permanganate  is  added  in  excess,  then  a  standard  solution  of  oxalic  acid 
until  the  liquid  clears,  after  which  the  excess  of  oxalic  acid  is  titrated  for  by 
permanganate  at  a  temperature  not  exceeding  50-600  C.  The  permanganate 
and  oxalic  acid  must  be  standardized  under  the  conditions  just  named.  The 
selenious  acid  is  not  capable  of  reducing  the  manganese  to  manganous  oxide 
even  in  acid  solution. 

The  Precipitation  and  Gravimetric  Determination  of  Carbon 
Dioxide.  By  F.  A.  Gooch  and  I.  K.  Phelps.  Am.  J.  Sci.,  50,  1 01-103.  — 
The  carbonic  acid  is  absorbed  by  a  solution  of  barium  hydrate,  in  a  special 
form  of  apparatus,  and  the  barium  carbonate  removed  by  filtration,  with  the 
use  of  a  layer  of  xylene  to  exclude  the  carbon  dioxide  of  the  atmosphere. 
The  carbonate  is  subsequently  dissolved  in  acid  and  the  barium  precipitated 
as  sulphate.  For  the  details  of  the  method  and  the  description  of  the  appa- 
ratus reference  must  be  made  to  the  original  paper. 

The  Reduction  of  the  Acids  of  Selenium  by  Hydriodic  Acid. 
By  F.  A.  Gooch  and  W.  G.  Reynolds.  Am.  J.  Sri.,  50,  254-258.  —  Com- 
menting upon  the  method  of  Muthmann  and  Schaefer  (Ber.,  26,  1,008)  for  the 
determination  of  selenious  acid  by  reduction  by  means  of  hydriodic  acid, 
the  authors  note  that  if  the  reduced  selenium  be  removed  by  filtration  on  a 
Gooch  filter  the  end-point  of  the  iodine  reaction  is  unimpaired  ;  but  they  note 
further  that  some  iodine  remains  in  combination  with  the  selenium.  The  reac- 
tion is  carried  nearer  completion  if  the  iodine  be  removed  by  distillation  and 
subsequently  determined  by  titration  both  in  the  distillate  and  the  residual 
liquid.  When  conducted  in  this  way  the  process  is  satisfactory  for  amounts 
of  selenious  acid  up  to  0.2  gram  ;  above  that  amount  it  is  uncertain.  Selenic 
acid  may  also  be  determined  by  this  process. 

A  Review  of  Some  Recent  Applications  of  the  Nitrometer. 
By  Theodore  W.  Friend.  Proc.  Eng.  Soc.  W.  Penn.,  11,  191-206.  —  The 
paper  reviews  earlier  processes  involving  the  use  of  the  nitrometer,  and  gives 
the  results  of  some  experiments  to  determine  the  accuracy  and  applicability 
of  methods  involving  the  decomposition  of  hydrogen  peroxide,  and  the  meas- 
urement of  the  evolved  oxygen,  in  the  determination  of  caustic  soda,  caustic 
potash,  caustic  lime,  potassium  chromate,  and  potassium  permanganate.  The 
paper  presents  no  new  facts. 

The  Citrate  Method  of  Phosphoric  Acid  Determination  with 
Special  Reference  to  Insoluble  Phosphates.  By  F.  Bergami.  /.Frank- 
lin Inst.,  140,  139-152.  —  The  author  finds  that  with  phosphates  ranging 
from  20  to  35  per  cent,  of  phosphoric  acid  the  citrate  method  gives  results 
agreeing  with  the  molybdate  method,  if  75  cc.  of  the  citrate  solution  (Maer- 
ker's)  are  added  for  0.2  gram  of  substance,  or  75-100  cc.  for  0.4  gram.  For 
phosphates  containing  less  than  20  per  cent,  of  phosphoric  acid,  50-75  cc. 
of  the  citrate  solution  should  be  used  for  0.4  gram  of  substance.  It  is  found 
that  the  citrate  solution  retards  the  precipitation  of  the  magnesium  compound 
to  some  extent,  and  that  either  some  time  must  be  allowed  for  its  separation, 
or  the  stirring  must  be  continued  for  half  an  hour.  The  precipitate  is  very 
finely  divided,  and  requires  the  use  of  two  filters  for  its  complete  separation.  — 
The  phosphates  examined  contained  only  small  quantities  of  iron,  alumina. 
or  silica.  As  applied  to  these  cases  the  author  considers  the  citrate  method 
reliable. 
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A  Method  for  Determining  Sulphur  in  Roasted  Sulphide  Ores. 
By  Harry  F.  Keller  and  Philip  Maas.  J.  Franklin  Inst.,  139,  286-289. — 
The  roasted  ore  is  fused  in  a  nickel  crucible  with  10-12  parts  of  caustic 
potash  (from  alcohol)  and  subsequent  addition  of  two  parts  of  sodium 
peroxide.  The  fused  mass  is  dissolved  in  water,  acidified,  and  the  sulphuric 
acid  either  precipitated  as  barium  sulphate  and  weighed  as  such,  or  the  solu- 
tion is  made  alkaline  with  ammonia,  barium  chloride  added  in  excess,  and  the 
excess  determined  by  titration  with  potassium  bichromate.  The  results  of 
analyses  presented  are  satisfactory,  and  it  is  claimed  that  the  volumetric 
method  may  be  completed  in  thirty  minutes. 

H.  Fay,  Abstracter. 

The  Determination  of  Phosphorus  in  Coal  and  Coke.  By  J. 
Lychenhkim.  Trans.  Am.  Inst.  Min.  Eng.,  24,  66.  —  The  author,  while 
endeavoring  to  find  a  rapid  and  accurate  method  for  determining  phosphorus 
in  coal  and  coke,  tried  the  various  methods  suggested  which  involve  the  fusion 
of  the  residue  left  after  burning  off  the  carbon,  with  an  alkaline  carbonate  and 
potassium  nitrate.  He  found,  however,  that  it  was  not  necessary  to  fuse  the 
residue,  but  "  that  the  phosphorus  was  almost  completely  soluble  in  hydro- 
chloric acid  and  only  a  trace  was  left  in  the  residue."  To  burn  off  the  car- 
bon rapidly  he  uses  platinum  boats  2  inches  square  and  £  inch  deep.  The 
residue  is  transferred  to  a  5-inch  casserole  and  treated  with  40  cc.  of  strong 
hydrochloric  acid  and  evaporated  to  10  cc;  40  cc.  of  nitric  acid  (1.42)  are 
then  added  and  evaporated  to  20  cc.  The  phosphorus  is  then  precipitated 
with  ammonium  molybdate  and  determined,  as  usual,  by  the  Emmerton  method- 
In  the  discussion  of  this  paper  (p.  862),  G.  L.  Norris  confirms  the  work  of 
Lychenheim,  and  recommends  the  addition  of  a  few  drops  of  hydrofluoric 
acid  in  dissolving  the  residue,  stating  that  all  the  phosphorus  may  be  obtained 
in  this  way. 

Determination  of  Tungsten.  By  F.  Cremer.  Eng.  Min.  J.,  59, 345. — 
For  the  determination  of  tungsten  in  an  ore  or  a  metal  0.5  gram  is  fused 
in  a  porcelain  crucible  with  about  6  grams  of  potassium  pyrosulphate,  first 
at  low  heat,  then  for  one  half  hour  at  a  high  temperature.  The  fused  mass  is 
dissolved  in  100  cc.  of  boiling  hydrochloric  acid  (sp.  gr.  1.056).  Most  of  the 
tungstic  oxide  will  be  in  suspension.  The  solution  is  then  poured  into  a  No.  3 
beaker  filled  with  water  and  kept  boiling.  A  few  cubic  centimeters  of  a  con- 
centrated cinchonin  solution  in  hydrochloric  acid  are  then  added.  The  solu- 
tion is  boiled  a  few  minutes,  allowed  to  set'le,  and  filtered  by  suction.  The 
precipitate,  being  washed  with  water  containing  a  little  cinchonin,  is  dried, 
ignited,  and  weighed.  It  is  then  dissolved  in  ammonia,  boiled,  filtered,  and 
weighed  again.  The  difference  in  weight  is  WOs.  For  other  than  commercial 
analysis  the  filtrate  is  allowed  to  stand  48  hours.  In  ferro-tungsten  the  por- 
tion insoluble  in  hydorchloric  acid  is  fused  and  treated  as  just  described. 

Technical  Chemistry. 

F.  H.  Thorp,  Abstracter. 

The  Decarbonization  of  Bone-Black.  By  W.  D.  Horne.  J.  Am. 
Chem.  Soc.,  17,  503-510.  —  The  author  gives  at  some  length  the  causes  of  de- 
terioration of  used  boneblack  and  an  account  of  laboratory  and  factory  ex- 
periments to  determine  the  value  of  Moriz  Weinrich's  method  of  revivifying 
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used  char  by  partial  decarbonization.  The  results  of  his  experiments  led 
him  to  the  conclusion  that  decarbonized  char  is  in  many  respects  nearly  equal 
to  new  char.  But  the  chief  value  of  the  process  lies  in  the  possibilities  it 
affords  of  preventing  the  boneblack  from  getting  into  bad  condition. 

On  Condensation,  and  Especially  on  the  Condensation  of  Ni- 
tric Acid.  By  Edward  Hart.  J.  Am.  Client.  Soc,  17,  576-579.  —  The 
author  describes  his  new  form  of  condenser  especially  adapted  to  the  con- 
densation of  nitric  acid  vapors.  The  apparatus  is  made  of  glass  and  stone- 
ware, and  is  placed  above  the  brick  arch  covering  the  retort,  thus  occupying 
little  or  no  additional  floor  space.  It  may  be  so  regulated  that  the  condens- 
ing water  is  entirely  evaporated,  thus  securing  great  efficiency  with  small  con- 
sumption of  water.  The  apparatus  is  simple,  easily  repaired,  and  needs  so 
little  attention  that  one  man  can  run  several  retorts. 

Some  Points  in  the  Distillation  of  Nitric  Acid.  By  Edward 
Hart.  J.  Am.  Chem.  Soc,  17,  580-584.  —  Particular  attention  is  given  by 
the  author  to  the  source  of  the  nitrogen  peroxide  produced,  which  often 
colors  the  product  and  means  a  loss  of  nitric  acid  to  the  manufacturer.  He 
concludes  that  part  of  the  nitrogen  peroxide  is  formed  by  prolonged  heating 
of  the  acid  vapors,  and  that  the  more  rapidly  the  vapors  pass  out  of  the  retort 
and  are  condensed  the  lighter  colored  will  the  product  be.  Use  of  concen- 
trated vitriol  and  dry  niter  results  in  deeply  colored  acid.  The  opinion  of 
acid  makers,  that  the  color  is  due  to  the  action  of  the  acid  on  the  iron  retorts, 
is  thought  to  be  partially  true,  owing  to  the  imperfect  heating  of  the  retort 
ends.  Impurities  in  the  materials  may  also  contribute  to  the  color.  When 
weak  vitriol  is  used  the  water  remains  in  the  cake  until  the  final  step  in  the 
process,  and  the  acid  made  is  very  good.  —  Frothing  is  due  to  the  dehydra- 
tion of  the  acid  sulphate  of  sodium  produced.  —  The  rate  of  distillation  was 
studied  and  found  very  rapid,  almost  explosive,  in  fact ;  for,  a  short  time  after, 
about  three  tenths  of  the  total  acid  had  distilled.  This  may  explain  the  diffi- 
culty acid  makers  sometimes  have  in  properly  condensing  the  vapors.  Ber- 
thelot  has  shown  that  strong  nitric  acid  decomposes  at  3600  into  nitrogen  per- 
oxide, oxygen,  and  water.  The  temperature  in  a  retort  surrounded  by  fire 
gases  probably  exceeds  ioo°  considerably,  and  the  author  thinks  it  not  strange 
that  the  first  distillate  should  have  a  deep  color.  A  recent  experiment,  in 
which  cast  iron  was  immersed  in  the  acid  and  nitrate  mixture,  showed  no 
increase  of  color  in  the  first  distillate. 

Adulterated  Portland  Cement  and  Blast  Furnace  Slag.  By  A.  D. 
Elbers.  Eng.  Min.J.,  60,  8.  —  The  author  gives  his  theories  concerning  the 
composition  and  hardening  properties  of  cement  and  the  probable  effect  of 
adding  blast  furnace  slag  to  cement. 

The  Fixation  of  Atmospheric  Nitrogen  and  the  Manufacture 
of  Cyanides  and  Ammonia.  By  Francis  Wyatt.  Eng.  Min.  J.,  60, 
124.  —  This  article  is  merely  a  risumi  of  the  various  attempts  made  in  the 
past  to  produce  cyanides  and  ammonia  synthetically,  with  particular  consid- 
eration of  the  patented  process  of  Thomas  B.  Fogarty  (Pat.  Nos.  500,650  and 
500,65 1).  There  appears  to  be  some  uncertainty  concerning  the  overcoming 
of  certain  difficulties  in  the  mechanical  details  of  the  furnace  used  in  his 
process. 
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The  Purification  of  Boiler  Feed  Waters.  By  Francis  Wyatt. 
Eng.  Min.  J.,  60,  220.  — This  is  a  short  summary  of  the  various  methods  for 
removing  '•temporary"  and  "permanent"  hardness  in  water.  The  use  of 
bichromate  of  soda  within  the  boiler,  as  a  precipitant,  is  recommended  and 
its  action  shown  by  reactions.  The  fact  that  bichromate  of  soda  will  not  pre- 
cipitate calcium  chromate  in  the  presence  of  free  chromic  acid  at  ordinary 
atmospheric  pressure  is  claimed  to  be  no  objection  to  its  use,  for,  under  the 
pressure  within  the  boiler,  the  precipitation  takes  place  and  the  sediment  can 
be  blown  out  from  the  boiler. 

The  Manufacture  of  Paving  Brick  in  Central  Iowa.  By  L.  Bal- 
liet.  Eng.  Mm.  J ,  60,  252.  —  This  article,  chiefly  of  commercial  interest, 
contains  a  short  table  of  tests  made  on  paving  brick  by  the  author,  showing 
the  increase  in  weight,  when  wet,  of  bricks  from  several  yards.  A  compari- 
son of  several  forms  of  kilns  is  also  given. 

A  New  Method  of  Tannin  Determination.  By  G.  K.  Kerr.  Leather 
Manufacturer,  5,  115.  —  The  hide-powder  method  having  proved  somewhat 
unsatisfactory,  the  author  searched  for  a  substitute,  and  found  the  curious  fact 
that  asbestos  fiber  absorbs  tannin  from  solution.  It  has  not  so  much  absorp- 
tive power  per  gram  as  hide-powder,  but  is  claimed  to  act  much  quicker.  It 
does  not  unite  with  the  non-tannins,  and  contains  but  a  small  amount  of  soluble 
matter,  which  is  easily  washed  out.  The  second  quality  of  asbestos,  costing 
about  seventy-five  cents  per  pound,  is  recommended.  Before  use  it  is  washed 
with  warm  water  and  dried  at  2200  F.  Excess  of  asbestos  is  claimed  to  do 
no  harm.  The  analysis  is  carried  out  in  much  the  same  way  as  by  the  hide- 
powder  method.  Dilute  10  grams  of  extract  to  1,000  cc.  Take  100  cc.  of 
this  solution  in  a  300  cc.  beaker,  add  10  grams  dry  asbestos  fiber,  and  stir  for 
a  minute  or  two.  Remove  the  asbestos  with  the  fingers,  squeezing  the  liquor 
back  into  the  beaker.  Repeat  this  operation  twice,  using  5  grams  of  fresh 
asbestos  each  time.  Then  test  the  liquor  for  tannin  with  ferric  chloride.  If 
tannin  is  present  repeat  the  treatment  with  asbestos  till  all  tannin  is  removed. 
Filter  the  liquor  containing  the  non-tannins,  measure  off  50  cc,  evaporate  to 
dryness,  and  weigh  in  the  usual  manner.  The  asbestos  must  be  dry  or  an 
error  may  result  from  the  moisture  introduced. 

Asphalts  and  Bitumens.  By  Samuel  P.  Sadtler.  J.  Eranklin  Inst., 
140,  198-212.  —  In  this  article  the  author  gives  an  extended  resume  of  the 
work  which  has  been  done  on  these  substances  and  also  some  very  interest- 
ing details  as  to  the  occurrence,  refining,  and  uses  of  asphalt. 

Investigation  of  Utah  Gilsonite,  a  Variety  of  Asphalt.  By  Wil- 
liam C.  Day.  J.  Eranklin  Inst.,  140,  221-237.  —  After  reviewing  the  work 
of  other  investigators  on  asphaltum,  the  author  considers  in  detail  the  variety 
gilsonite.  Its  properties  are  discussed  and  elementary  analyses  given.  On 
dry  distillation  oily  products  were  obtained  and  finally  ammonia  was  evolved, 
while  coke  remained  in  the  still.  The  oils  were  studied  to  some  extent  and 
found  to  be  complicated  bodies,  probably  mixtures  of  hydrocarbons,  which 
resemble  petroleum  distillates  in  some  cases  and  in  others  seem  to  resemble 
bodies  like  pyridine  or  quinoline.  Gilsonite  when  treated  with  strong  nitric 
acid  finally  dissolved  completely,  forming  a  dark  red  solution.     From  this 
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solution  several  unidentified  bodies  were  isolated,  consisting  partly  of  organic 
acids.  It  is  probable  that  the  naphthene  series  is  also  represented.  The 
study  of  the  oils  and  acids  is  to  be  continued. 

Investigation  of  Aluminum  Alloys.  By  S.  R.  Leonard  and  J.  H. 
Schnepel.  Sibley  J.  Eng.,  9,  369.  —  The  article  contains  tabulated  results 
of  tests  on  various  alloys  of  aluminum  with  copper,  zinc,  manganese,  chro- 
mium, and  tin,  with  special  reference  to  the  latter.  It  is  concluded  that  tin 
adds  nothing  to  the  strength ;  in  fact,  the  tin  alloys  are  usually  weaker  than 
pure  aluminum.  Chromium  is  shown  to  increase  the  hardness  and  strength 
slightly  when  used  with  copper  in  the  alloy. 

Method  of  Determining  Tar  and  Tar-Acids  in  Wood  Preserva- 
tive. By  C.  B.  Dudley  and  F.  N.  Pease.  Am.  Eng.  R.  R.  J.,  69,  255.  — 
The  tar  is  separated  as  an  insoluble  mass  by  adding  88°  B.  gasoline  to  the  pre- 
servative and  shaking  in  a  stoppered  graduate.  The  volume  of  the  tar  is  read 
off  directly,  and  its  per  cent,  is  found  by  a  simple  calculation.  If  the  tar  ad- 
heres to  the  sides  of  the  graduate  after  shaking,  the  gasoline  solution  is  poured 
off  into  another  graduate  which  has  been  wet  with  gasoline,  the  volume  of  the 
tar  being  considered  equal  to  the  difference  between  this  volume  and  the  orig- 
inal one,  allowing,  however,  1  cc.  for  evaporation  of  the  gasoline  during  the 
transfer.  Thus,  take  20  cc.  of  preservative  and  add  80  cc.  of  gasoline  =  100  cc. 
in  all.  Suppose,  after  transferring,  the  volume  of  gasoline  solution  was  97  cc. 
Then  100  —  (97  -\-  i)  =  2  cc.  represents  volume  of  tar.  Then  per  cent,  tar 
1=  (2  X  100)  -f-  20  =  10  per  cent.  tar.  The  following  directions  are  given  for 
the  determination  of  the  tar  acids  :  Take  80  cc.  of  the  above  mentioned  gas- 
oline solution  and  add  to  it  20  cc.  of  caustic  soda  solution  (13°  B.)  and  4CC. 
alcohol  (95  per  cent.).  Shake  and  let  the  mixture  stand  till  the  liquid  sepa- 
rates in  two  layers.  The  tar  acids  and  most  of  the  alcohol  (about  3  cc.)  go 
into  the  lower  layer.  Read  the  volume  of  the  lower  layer  and  calculate  the 
per  cent,  of  tar  acids  thus  :  Deduct  23  cc.  (caustic  soda  -f-  3  cc.  alcohol)  from 
the  reading  of  the  lower  layer.  (Call  the  remainder  a.)  From  the  original 
volume  of  preservative  and  gasoline  (100  cc.)  deduct  the  number  of  cc.  of  tar 
found,  plus  one.  (Call  the  remainder  b.)  Then  80  :  b  :  :  a  :  x,  where  x  is  the 
volume  of  tar  acids.  From  this  volume  calculate  the  per  cent,  of  tar  acids 
present.  —  The  method  is  not  exact,  as  other  substances  than  tar  may  sepa- 
rate on  adding  the  gasoline.  Again,  some  of  the  gasoline  may  remain  in  the 
tar.  No  method  is  known  of  avoiding  this  difficulty,  which  also  affects  the 
determination  of  tar  acids.  Tar  acids  are  assumed  to  consist  of  everything 
which  dissolves  in  the  caustic  soda.  Whether  anything  else  is  dissolved  is 
not  known.  The  alcohol  is  used  to  cause  a  sharp  separation  of  the  caustic 
soda  solution  from  the  gasoline. 

The  Application  of  Electricity  to  the  Bleaching  of  Textile 
Fibers.  By  Louis  J.  Matos.  J.  Franklin  Inst.,  139,  177-197.  —  A  lecture 
devoted  principally  to  the  discussion  of  the  Hermite  bleaching  process. 

Recent  Advances  in  Electro-Chemistry.  By  Joseph  W.  Richards. 
J.  Franklin  Inst.,  139,  351-378.  —  An  interesting  summary  of  recent  indus- 
trial applications  of  electro-chemical  processes. 

On  the  Composition  of  Commercial  Sodium  Sulphite.  By 
Mumme  Andresen.     Am.  Photographic  Annual,  1895,  113.  —  After  discuss- 
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ing  the  difficulties  in  making  pure  sodium  sulphite,  the  author  treats  of  the 
impurities  usually  present  and  their  effect  on  the  keeping  qualities  of  devel- 
oper solutions  in  which  the  sulphite  is  used.  Much  of  the  difficulty  experi- 
enced with  it  is  thought  to  be  due  to  the  presence  of  a  sodium  dithionate, 
Na4S207,  or,  as  the  author  terms  it,  basic  hyposulphate  of  sodium. 

A.  II.  Gill,  Abstracter. 

The  Carbides  and  Acetylene  Commercially  Considered.  By 
T.  L.  Willson  and  J.  J.  Suckert.  J.  Franklin  Inst.,  139,  321-341.  —  The 
paper  presents  in  a  concise  form  the  properties  and  methods  of  preparation  of 
the  various  carbides,  calcium  carbides  in  particular  and  acetylene  being  dis- 
cussed quite  at  length.  An  interesting  description  of  Mr.  Willson's  first 
experiments  and  later  methods  and  estimates  on  the  cost  of  producing  cal- 
cium carbide  then  follows.  The  methods  of  utilizing  acetylene  either  by 
generation  from  calcium  carbide  in  loco  or  from  the  liquified  gas  are  then 
explained.  By  its  use  it  is  estimated  that  the  gas  consumption  would  be 
diminished  nearly  92  per  cent.  Attention  is  also  called  to  the  fact  that  but 
\  as  much  air  is  required  for  its  combustion  as  for  illuminating  gas,  thus  less- 
ening the  vitiation  of  the  atmosphere  of  the  room  in  that  proportion.  The 
abstracter  finds  under  the  properties  of  acetylene  no  mention  of  its  poisonous 
properties,  due  to  its  combination  with  the  haemoglobin  of  the  blood  after  the 
manner  of  carbonic  oxide.  Any  escape  of  the  gas  would,  however,  quickly 
manifest  itself  by  its  pervading  odor. 

Composition  of  the  American  Sulphur  Petroleums.  By  C.  F. 
Mabery.  J.  Franklin  Inst,,  139,  401-424;  140,  1-26.  —  The  paper  discusses 
first  the  geological  occurrence  of  the  oil,  and  summarizes  the  results  of  Pro- 
fessor Orton's  work  upon  the  Geological  Survey  of  Ohio.  A  description  of 
the  wells  and  oil  fields  of  Ohio  and  Canada  then  follows.  The  chemical  com- 
position of  petroleum  is  next  considered,  beginning  with  the  researches  of 
Pelouze  and  Cahours  in  1862,  and  briefly  summarizing  the  important  work 
upon  this  subject  down  to  the  present  time.  —  As  the  sulphur  petroleums  de- 
compose upon  distillation  at  ordinary  pressure,  they  were  distilled  in  vacuo 
from  porcelain  stills  holding  about  15  liters,  the  fittings  being  cork  luted  with 
rubber;  temperatures  as  high  as  3750  could  be  thus  attained  without  serious 
decomposition.  Butane,  isopentane,  isohexane,  isoheptane,  and  octane,  to- 
gether with  higher  members  of  this  series,  were  identified,  forming  about  one 
tenth  of  the  crude  oil.  Of  the  hydrocarbons  of  the  aromatic  series,  about 
0.017  per  cent,  benzene,  0.03  per  cent,  toluene,  and  0.58  per  cent,  xylene  were 
found.  The  presence  of  hydrocarbons  of  the  ethene  series  could  not  be 
established.  Work  is  in  progress  upon  the  Canadian  oils  and  upon  distillates 
from  Pennsylvania  oil  above  150°,  upon  the  Macksburg  oils  and  the  sulphur 
compound. 

G.  \V.  Rolfe,  Abstracter. 

On  the  Determination  of  Cane  Sugar  in  the  Presence  of  Com- 
mercial Glucose.  By  H.  A.  Weber  and  Wm.  McPherson.  J.  Am.  Client. 
Soc,  17,  312-320.  —  This  paper  has  a  double  interest,  for  aside  from  its  title 
subject  it  gives  ten  analyses  of  what  are  taken  as  typical  representatives  of 
commercial  glucose.  It  is  unfortunate  that  analyses  were  not  made  of  glucoses 
from  more  than  one  manufacturer,  for  under  natural  market  conditions  there 
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are  several  large  glucose  factories  in  operation  in  the  country  whose  makes  of 
glucose  have  pronounced  characteristics.  Moreover,  these  ten  analyses,  while 
valuable  contributions  to  our  somewhat  meager  stock  of  information  on  the 
constitution  of  commercial  glucose,  would  have  been  much  more  valuable  had 
a  qualitative  investigation  been  made  of  the  nature  of  the  dextrines  present. 
Such  tests  often  throw  much  light  on  the  question  whether  the  glucose  is  a 
product  of  normal  starch  hydrolysis,  or  a  mixture  of  a  "low  converted"  glu- 
cose with  "  high  converted  "  liquors,  as,  for  instance,  those  from  grape-sugar 
residues  —  a  point  of  considerable  importance.  It  will  be  noted  that  two  glu- 
coses with  rotary  powers  below  128  have  more  dextrine  than  those  of  higher 
rotary  power.  The  question  at  once  arises,  Are  these  normally  hydrolyzed 
glucoses,  or  does  a  change  in  rotary  power  of  the  dextrine  vitiate  the  accuracy 
of  the  formula?  The  authors  attempt  to  compare  their  analyses  with  those 
of  the  Washington  Report  of  1884,  made  by  an  entirely  different  method 
which  has  been  much  criticised,  and  also  with  some  analytical  data  of  Stone 
and  Dickinson  published  in  1893.  The  comparison  in  the  latter  case  is  un- 
satisfactory in  large  part  because  the  authors  fail  to  see,  apparently,  that  the 
1893  data  are  figured,  as  has  been  customary,  on  the  actual  weights  of  the 
syrups  instead  of  being  referred  to  the  anhydrous  substance.  Calculation  of 
the  data  of  Stone  and  Dickinson  referred  to  the  anhydride  shows  that  the 
rotary  powers  of  their  syrups  vary  between  109  and  130,  the  cupric-reducing 
powers  also  being  correspondingly  lower  than  those  found  by  Weber  and 
McPherson.  In  such  comparison  it  must  not  be  forgotten  that  the  rotary 
constant  for  maltose  in  Heron's  formula  used  by  the  authors  is  135.4,  while 
most  earlier  analyses  were  figured  by  constants  varying  from  140  to  138.3. 
Cupric-reducing  powers,  also,  are  often  figured  on  different  bases.  The 
question  whether  the  syrup  samples  of  1893  did  not  contain  sucrose  is  an 
important  one,  since  many  light  syrups  are  so  mixed.  This  again  empha- 
sizes the  importance  of  a  thorough  qualitative  investigation,  giving  data  which 
should  be  published  with  the  analytical  figures.  These  syrups  may  be  nor- 
mal, but  the  calculation  of  percentage  composition  by  Heron's  formula  cer- 
tainly gives  peculiar  results.  The  latter  part  of  the  paper  deals  more  specific- 
ally with  the  title  subject.  The  authors  show  that  these  glucoses  subjected  to 
the  inversion  process  of  Clerget  all  show  a  decrease  in  their  rotary  power. 
They  attribute  this  to  the  hydrolysis  of  dextrine,  and  establish  the  following 
formula  for  correction  of  the  Clerget  Double  Polarization  Method  when  com- 
mercial glucose  is  present  in  sugar  syrups  :     x  =  —         '.     Where   R  is 

130 

the  approximate  reading  due  to  glucose  as  determined  by  inversion  of  solu- 
tion, x  is  to  be  subtracted  from  the  numerator,  a  —  b,  in  Clerget's  formula. 
This  correction  formula  is  only  applicable  where  the  method  of  the  Official 
Agricultural  Chemists  is  used  for  inversion. 

On  the  Action  of  Acetic  and  Hydrochloric  Acids  on  Sucrose. 
By  H.  A.  Weber  and  William  McPherson.  J.  Am.  Chem.  Soc.,  17,  320- 
327. — -After  reviewing  the  conflicting  opinions  of  .former  investigators  as  to 
the  value  of  acetic  acid  as  an  inverting  agent  in  the  Clerget  Method  of  Double 
Polarization,  this  paper  describes  an  ingeniously  devised  series  of  experiments 
which  prove  that  hydrochloric  acid,  as  well  as  sodium  carbonate  and  chloride, 
increases  the  polariscope  reading  of  invert  sugar.  In.  case  of  a  normal  solu- 
tion reading  100  per  cent,  sucrose,  the  invert  reading  in  presence  of  hydro- 
chloric acid   is  probably  1.4  per  cent,  too  great  at  a  temperature  of  20°C. 
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Acetic  acid,  on  the  contrary,  while  it  produces  complete  inversion,  causes  a 
probable  decrease  in  the  invert  reading  of  0.2  per  cent.  That  the  difference 
of  1.6  in  the  invert  readings  of  two  solutions  of  sucrose  inverted,  the  one 
with  hydrochloric  acid,  the  other  with  acetic  acid,  is  due  to  the  different  in- 
fluence of  the  acids,  and  not  to  incomplete  inversion,  the  authors  prove  by 
testing  the  two  solutions  by  the  Fehling  method,  which  gave  the  same  reduc- 
tion with  both. 

The  Composition  of  Maple  Sap  and  Some  Notes  on  Maple 
Syrup  and  Sugar.  Bv  F.  W.  Morse  and  A.  H.  Wood.  N.  H.  College 
Agricultural  Chem.  Station,  Bull.  No.  25,  1-13.  —  This  bulletin  has  a  peculiar 
interest,  as  it  is  said  to  be,  with  one  exception  {Bull.  6,  U.  S.  Dept.  of  Agri- 
culture), the  only  published  work  on  the  composition  of  maple  sap.  These 
investigations,  while  extending  over  three  years,  have  been  necessarily  re- 
stricted to  the  few  "  sugaring "  days  of  each  spring  ;  hence  the  authors  con- 
sider them  at  best  giving  very  incomplete  data  for  establishing  general  laws 
affecting  sugar  formation  in  maple  sap.  The  richest  sap  apparently  comes 
from  trees  of  large  leaf  surface  and  receiving  most  sunlight.  Early  sap  is 
perceptibly  richer  both  in  solids  and  sugar  than  sap  at  the  end  of  the  sea- 
son, although  from  day  to  day  the  quality  fluctuates.  Little  difference  was 
found  in  sap  taken  from  different  sides  of  the  tree.  The  balance  of  evidence 
seems  to  corroborate  the  popular  belief  that  the  outer  wood  contains  the 
richest  sap.  The  reader  will  be  interested  in  noting  the  relatively  small 
sugar  content  of  maple  sap,  averaging  3  per  cent.,  as  compared  with  cane  and 
beet  juices.  The  quotient  of  purity,  over  90  per  cent.,  on  the  other  hand,  is 
rarely  equaled  except  in  the  best  Cuban  cane  juices  of  March  and  April. 
Determinations  of  the  other  constituents  of  the  sap  would  have  added  much 
to  the  value  of  these  analyses.  The  second  half  of  the  paper  deals  with  ex- 
periments in  sap  boiling.  Syrup  from  soft  maples  is  inferior  to  that  from  rock 
maples.  The  best  flavored  and  colored  sugars  are  obtained  when  careful 
attention  is  paid  to  cleanliness  in  collecting  sap,  straining  it  carefully,  then 
boiling  down  while  fresh,  and  with  as  little  handling  as  possible.  Clarification 
improves  color.  The  more  elaborate  methods  of  refining,  as  boneblack  filtra- 
tion, are  inadmissible.  Boneblack  removes  the  characteristic  maple  flavor  on 
which  the  value  of  the  sugar  depends. 

Sanitary  Chemistry. 

E.  H.  Richards,  Abstracter. 

The  Examination  of  Lard  for  Impurities.  By  David  Wesson. 
J.  Am.  Chem.  Soc,  17,  723-735.  —  The  author  gives  a  concise  statement  of 
the  value  of  the  different  tests,  and  considers  each  in  the  light  of  a  long,  prac- 
tical experience. 

Acetic  Acid  in  Vinegar.  By  Albert  R.  Leeds.  J.  Am.  Chem.  Soc, 
17,  741-744.  —  The  author  recommends  the  dilution  of  50  cc.  of  the  vinegar 
to  be  examined  with  50  cc.  of  water  and  the  titration  with  decinormal  barium 
hydrate,  using  phenolphthalein  as  indicator,  adding  the  barium  hydrate  in 
excess,  and  titrating  back  with  decinormal  sulphuric  acid.  He  states  that 
more  exact  results  may  be  obtained  with  turmeric  paper  than  with  phenol- 
phthalein. 
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Methods  and  Results  of  Investigations  on  the  Chemistry  and 
Economy  of  Food.  By  W.  O.  Atwater.  U.  S.  Dept.  Agriculture,  Office 
£xpt.  Stations,  Bull.  No.  si,  222.  —  There  will  be  found  in  these  pages  an 
amount  of  classified  information  on  food  materials,  their  value,  economical 
use,  and  utilization  in  the  human  body,  together  with  methods  of  determination 
and  suggestions  for  further  study,  such  as  cannot  be  found  in  any  other  book 
published  in  the  English  language.  No  one  engaged  in  the  study  or  teach- 
ing of  any  subject  relating  to  food  substances  can  afford  to  be  without  a  copy 
of  this  monograph. 

Analyses  of  Cereals  Collected  at  the  World's  Columbian  Ex- 
position. By  Harvey  W.  Wiley.  U.  S.  Dept.  Agriculture,  Division  Chem., 
Bull.  No.  45,  1-45.  —  This  little  monograph  is  a  model  of  concise  statement 
of  a  wealth  of  information  on  the  composition  and  quality  of  cereals.  Its 
value  is  increased  by  the  addition  of  data  given  in  previous  bulletins,  some  of 
which  are  now  out  of  print,  and  by  comparison  with  the  data  given  by  foreign 
analysts.    The  standard  composition  of  typical  American  grains  is  as  follows: 


Barley. 

Buckwheat. 

Maize. 

Oats. 

Rice, 
unhulled. 

Rye. 

Wheat. 

Weight    of   100    kernels. 

4.19 

3.00 

38.00 

3.00 

3.00 

2.50 

3.S5 

Moisture.    (Per  cent.) 

10.  ss 

12.00 

10.75 

10.00 

10.50 

10.50 

10.60 

Albuminoids.    (Per  cent.) 

11.00 

10.75 

10.00 

12.00 

7.50 

12.25 

12.25 

Oil 

2.25 

2.00 

4.25 

4.50 

1.60 

1.50 

1.75 

Fiber   

3.85 

10.75 

1.75 

12.00 

9.00 

2.10 

2.40 

Ash 

2.50 

1.75 

1.50 

3.50 

4.00 

1.90 

1.75 

Digestible  carbohydrates, 

69.45 

62.75 

71.75 

58.00 

67.40 

71.75 

71.25 

The  Purification  of  Sewage  by  Forced  Aeration.  By  George 
Waring,  Jr.  Monograph,  1-67.  —  This  "report  of  an  experimental  investi- 
gation of  the  value  of  a  process  for  purifying  sewage  by  means  of  artificially 
aerated  bacterial  filters  "  gives  an  account  of  results  obtained  during  the  sum- 
mer months  of  1894  on  a  portion  of  the  sewage  of  Newport,  Rhode  Island. 
So  much  of  the  time  was  occupied  in  perfecting  the  mechanical  details  of 
the  plant  that  it  is  not  fair  to  judge  of  the  chemical  results  by  very  strict 
standards.  If  the  experiment  had  been  continued  through  a  full  year,  under 
careful  control,  certain  data  now  wanting  for  a  definite  judgment  of  the  value 
of  the  method  on  a  practical  scale  might  have  been  added,  and  some  idea  of 
the  cost  of  operation  in  comparison  with  other  methods  might  have  been  ob- 
tained. The  character  of  the  sewage,  also,  was  different  from  that  usually 
met  with,  in  that  it  contained  an  abnormally  high  proportion  of  albuminoid 
ammonia  and  of  chlorine.  This  report  on  the  "forcing"  of  bacteria  should  be 
studied  by  the  agriculturalist  with  a  view  to  securing  an  increase  in  the  growth 
of  his  crops.  —  The  supplementary  report  of  chemical  work,  by  George  W. 
Holfe,  furnishes  data,  which,  although  far  from  complete,  have  been  so  care- 
fully compiled  as  to  be  of  value  in  future  experiments. 
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A  Chemical  Examination  of  the  Waters  of  the  Kansas  River 
and  its  Tributaries.  By  E.  H.  S.  Bailey  and  E.  C.  Franklin.  Kansas 
University  Quart.,  3,  91-102.  —  This  short  paper  records  in  graphical  and 
tabular  form  a  large  amount  of  work.  An  examination  at  two  typical  points 
of  a  stream  which  is  used  both  as  a  carrier  of  sewage  and  a  source  of  supply, 
together  with  an  examination  of  seven  tributaries,  must  furnish  most  valuable 
data  for  comparison.  There  is  given  the  mineral,  as  well  as  the  sanitary  analy- 
sis, which  in  the  case  of  the  tributaries  draining  the  alkali  region  is  of  espe- 
cial importance,  as  showing  that  each  geological  section  must  fix  its  own  stand- 
ards after  a  careful  study  of  conditions.  For  instance,  the  data  of  the  "normal 
chlorine,"  which  serves  such  good  purpose  in  Massachusetts,  could  not  be  used 
in  Kansas.  The  necessity  of  a  microscopical  as  well  as  chemical  examina- 
tion is  shown  by  the  statement  that  a  persistent  but  abnormal  rise  in  albumi- 
noid ammonia  at  one  place  in  the  river  was  found  to  be  due  to  a  growth  of 
diatoms  in  the  slack  water  above  a  dam.  It  is  interesting  to  note  the  state- 
ment that  the  waters  of  many  wells  sunk  in  the  rich  prairie  bottoms  yield  a 
large  amount  of  free  ammonia  and  of  ferrous  carbonate,  which  oxidizes  on 
exposure  to  the  air  and  gives  an  unsightly  water,  but  that  there  is  no  evi- 
dence that  these  waters  are  contaminated  with  drainage.  English  methods 
have  been  rather  closely  followed,  and  some  important  data  are  wanting  from 
which  to  draw  final  conclusions. 

Agricultural  Chemistry. 

E.  H.  Richards,  Abstracter. 

Phosphoric  Acid  in  Agriculture.  By  Frank  T.  Shutt.  Canadian 
Mining  Rriiew,  14,  125-129.  Phosphate's  Future.  By  Robert  C.  Adams. 
Ibid.,  14,  124.  Canada,  a  Natural  Manufacturing  Center  for  Fertil- 
izers. By  Henry  Wigglesworth.  Ibid.,  14,  129.  Canadian  Phosphate 
and  Fertilizers.  By  J.  Burley  Smith.  Ibid.,  14,  130.  —  These  papers 
taken  together  give  an  excellent  re'sume'  of  the  present  thought  on  the  manu- 
facture and  use  of  mineral  phosphate  in  agriculture.  It  is  stated  that  potatoes 
take  from  the  soil  14.5  pounds  of  phosphoric  acid  per  acre,  white  turnips  take 
27.3  pounds,  and  corn  fodder  32.5  pounds,  the  weight  of  the  fodder  being 
n  tons,  of  the  turnips  10.5  tons,  of  the  potatoes  3  tons.  It  is  worthy  of  note 
that  phosphoric  acid,  unlike  nitrogen,  does  not  waste  by  leaching  out,  but  is  an 
accumulative  fertilizer.  Additional  evidence  is  given  as  to  the  solubility  of 
mineral  phosphates  in  dilute  organic  acids.  The  paper  contains  several  tabu- 
lar statements,  and  gives  results  of  original  work  at  the  Ottawa  station. 

Agricultural  Experiment  Stations,  Their  Objects  and  Work. 
By  A.  C.  True.  U.  S.  Dept.  of  Agriculture,  Office  of  Experiment  Stations, 
Bull.  A'o.  26,  1-16.  —  There  is  here  given  very  concisely  the  history,  organiza- 
tion, equipment,  object,  methods  of  work,  etc.,  of  the  fifty-four  stations  in  the 
United  States,  which  are  now  costing  a  million  dollars  annually,  but  which  is 
only  three  cents  in  each  hundred  dollars  of  the  product  of  agriculture  of  the 
country.  Forty-five  stations  are  studying  methods  of  analysis,  and  doing  other 
chemical  work. 

Determination  of  Nitrogen  in  Fertilizers  Containing  Nitrates. 
By  H.  C.  Sherman.  J.  Am.  Chem.  Soc,  17,  567-576. — The  author  reviews 
concisely  the  history  of  the  various  modifications  of  the  Kjeldahl  method,  and 
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concludes  that,  in  case  of  ordinary  fertilizers  containing  little  or  no  chlorine, 
the  official  methods  are  reliable  if  the  directions  are  closely  followed  and  the 
sample  is  properly  prepared  ;  that,  where  much  chlorine  is  present,  the  addition 
of  zinc  dust  is  effective;  and  that,  in  case  the  nitrates  are  high,  the  addition  of 
permanganate  or  digestion  of  the  solution  for  some  time  after  it  has  become 
colorless  is  necessary. 

Plant  and  Animal  Chemistry. 
S.  C.  Prescott,  Abstracter. 

The  Proteids  of  the  Rye  Kernel.  By  J.  B.  Osborne.  J.  Am.  C hem. 
Soc,  17,  429-448.  —  In  this  article  the  author  reviews  the  results  of  other 
workers  on  the  proteids  of  rye,  and  then  proceeds  to  a  systematic  study  of 
them.  He  discusses  them  under  four  headings :  (a)  Proteids  soluble  in  water; 
(l>)  Proteids  insoluble  in  water,  but  soluble  in  saline  solution  ;  (c)  Proteids  in- 
soluble in  water  and  saline  solutions,  but  soluble  in  dilute  alcohol ;  (d)  Pro- 
teids insoluble  in  water,  saline  solutions,  or  alcohol,  but  soluble  in  dilute 
alkalies.  Under  the  first  heading  (a)  he  describes  an  albumin  which  coagu- 
lated at  63°,  and  has  the  following  composition  :  C,  52.97  ;  H,  6.79;  N,  16.66; 
S,  i-35  ;  O,  22.23.  This  corresponds  very  closely  to  the  albumin  obtained 
from  wheat,  both  in  percentage  composition  and  temperature  of  coagulation. 
They  are  undoubtedly  the  same  substance,  and  are  designated  by  the  name 
leucosin.  The  proteoses  found  also  show  the  same  reaction  as  those  of  the 
wheat  kernel,  and  appear  to  be  identical.  Under  (A)  a  globulin  was  found 
which  appeared  to  be  identical  with  the  globulin  of  wheat,  and  so  received 
the  same  name,  edestin.  Its  composition  is  as  follows  :  C,  51.03  ;  H,  6.85  ; 
N,  18.39  >  S>  069  ;  O,  23.04.  Of  the  proteid  soluble  in  alcohol,  several  analy- 
ses were  made.  A  single  proteid,  gliadin,  was  found  which  agrees  in  com- 
position with  a  similar  compound  obtained  from  wheat.  Its  analysis  gave  the 
following  figures :  C,  52.75;  H,  6.84:  N,  17.72;  S,  1.21;  O,  21.48.  Nothing 
definite  was  found  out  in  regard  to  the  proteid  soluble  in  dilute  alkali,  as  the 
laro-e  amount  of  gum  dissolved  rendered  thorough  purification  impossible.  It 
is  probable  that  the  compound  is  wholly  or  partly  different  from  the  corre- 
sponding wheat  compound.  Of  the  quantities  of  each  of  the  different  pro- 
teids present  in  the  rye  kernel  the  author  gives  the  following  estimates  :  Insol- 
uble in  salt  solution,  2.44  ;  gliadin,  4.00  ;  leucosin,  0.43  ;  edestin  and  prote- 
ose, 1.76  ;  total,  8.63  per  cent.  The  paper  gives  processes  in  full,  and  the 
results  of  a  large  number  of  analyses. 

The  Proteids  of  Barley.  By  Thomas  B.  Osborne.  J.  Am.  Chem. 
Soc.,  17,  539-567.  —  The  author  gives  the  results  of  a  series  of  analyses  of  the 
proteids  found  in  barley,  using  the  methods  which  he  applied  to  the  study  of 
the  rye  proteids.  About  0.3  per  cent,  of  the  seed  is  made  up  of  leucosin, 
coagulating  at  520,  and  which  is  the  same  as  the  albumin  found  in  the  rye  and 
wheat  kernels.  A  small  quantity  of  proteose  is  also  present,  the  composition 
of  which  was  not  definitely  ascertained.  Edestin,  a  globulin  which  is  the  same 
as  that  found  in  many  seeds,  and  commonly  known  as  vegetable  vitellin,  is  also 
present.  This  proteid  has  a  coagulation  point  of  about  900,  but  is  not  wholly 
coagulated  even  by  heating  above  that  temperature.  It  is  not  precipitated  by 
saturating  its  solution  with  sodium  chloride,  but  is  thrown  down  from  saline 
solutions  by  adding  acid.     About  4  per  cent,  of  the  seed  consists  of  hordein,  a 
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proteid  insoluble  in  saline  solutions,  very  slightly  soluble  in  pure  water,  and 
extremely  soluble  in  75  per  cent,  alcohol.  This  is  the  barley  proteid  described 
by  Ritthausen  as  mucedin.  It  has  almost  the  same  physical  and  chemical 
properties  as  the  gliadin  obtained  from  wheat  and  rye,  but  differs  from  it  in 
composition,  having  1.5  per  cent,  more  carbon,  1.5  per  cent,  less  nitrogen, 
and  0.3  per  cent,  less  sulphur  than  gliadin.  Hordein  is  decidedly  less  solu- 
ble in  water  than  gliadin;  it  is  soluble  in  dilute  acids  and  alkalies,  from 
which  it  is  precipitated  by  neutralization.  Like  gliadin,'  it  gives  a  crimson 
color  when  dissolved  in  strong  hydrochloric  acid,  but  with  a  warm  mixture 
of  equal  volumes  of  water  and  concentrated  sulphuric  acid  a  red  color  is  given 
by  hordein,  not  a  purple  red  as  by  gliadin.  After  extracting  the  barley  flour 
with  salt  solution  and  with  alcohol,  the  residue  still  contained  42  per  cent,  of 
the  nitrogen,  corresponding  to  proteid  matter  equal  to  about  4.5  per  cent, 
of  the  flour.  Of  this  residual  proteid  it  was  possible  to  extract  only  a  very 
small  amount  with  dilute  potash  water.  Assuming  that  all  the  nitrogen  be- 
longs to  proteid  matter,  barley  flour  contains  10.75  Per  cent,  of  proteids. 

The  Chemical  Nature  of  Diastase.  By  T.  B.  Osborne.  /.  Am. 
Chent.  Soc,  17,  587-603.  —  This  is  an  article  of  considerable  interest.  The 
author  has  observed  that  the  same  albumin  is  present  in  the  kernels  of  wheat, 
rye,  and  barley,  and  that  there  is  a  close  relation  between  the  temperature  of 
coagulation  of  albumin  and  the  temperature  at  which  diastase  begins  to  lose 
its  activity.  The  proteid  is  separated  from  the  carbohydrates  and  other  sol- 
uble substances  by  saturating  the  aqueous  or  weakly  alcoholic  extract  with 
ammonium  sulphate.  The  proteid  existing  as  globulin  is  removed  by  dialysis, 
and  the  proteoses  and  albumin  are  separated  by  fractional  precipitation  with 
alcohol.  The  ammonium  sulphate  precipitate  is  dissolved  in  water,  and  the 
solution  found  to  have  the  same  diastatic  power  as  the  original  extract.  This 
power  is  determined  by  the  amount  of  starch  which  equal  volumes  of  the 
solutions  can  change  to  sugar  in  a  given  time  as  determined  by  titration  with 
Fehling's  solution.  After  purifying  the  proteids  separated  out  by  fractional 
precipitation,  their  diastatic  power  is  determined,  and  then  their  percentage 
composition.  The  results  point  strongly  to  the  albumin  as  being  the  diastatic 
substance,  although  no  numerical  relations  can  be  established  between  the 
amount  of  coagulable  albumin  and  the  diastatic  power.  It  seems  probable 
that  diastase  is  a  true  proteid,  evidently  either  an  albumin,  a  combination  of 
an  albumin  with  a  proteose,  or  a  proteose.  The  fractional  precipitates  con- 
sisting largely  or  wholly  of  proteose  have  little  or  no  diastatic  action,  anxio- 
lytic power  being  manifested  most  strongly  in  the  fractions  containing  the 
most  albumin,  and  least  in  those  containing  but  little.  The  diastatic  enzyme 
is  most  closely  related  to  the  albumin  called  leucosin,  which  is  found  in  wheat, 
rye,  and  barley. 

The  Composition  of  the  Tuberculosis  and  Glanders  Bacilli. 
Bv  E.  A.  de  Scweinitz  and  M.  Dorset.  J.  Am.  Chem.  Soc,  17,  605-611. — 
The  authors  have  collected  and  submitted  to  analyses  large  quantities  of  these 
bacteria  grown  both  on  beef  broth  and  on  artificial  media.  It  was  found  that 
the  two  varieties  of  germs  differ  widely  in  their  percentage  composition,  while, 
with  the  exception  of  nitrogen,  the  variations  in  the  case  of  a  single  species 
grown  on  different  media  were  small.  Their  results  in  per  cents,  are  as  fol- 
lows:  Bacillus  tuberculosis:  C,  62.54;  H,  9.34;  N,  7.99;  S,  0.45;  P,  0.78; 
ash,  2.94;  ether  extract,  39.00;    alcohol   extract,  3.75;    albuminoids,  50.48: 
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cellulose,  6.44.  Bacillus  mallei :  0,83.35;  H,6.04;  N,  14.43;  S,i.o2;  P,i.io; 
ash,  5.18;  ether  extract,  7.98  ;  albuminoids,  90.15  ;  cellulose,  6.03.  —  Fats  were 
extracted  from  the  germs,  and  saponified  with  caustic  soda,  and  the  fatty  acid 
separated.  The  amount  of  acids  obtained  was  small,  and  only  melting  point 
determinations  were  made.  The  acids  from  the  glanders  bacilli  seemed  to  be 
oleic  and  palmitic,  and  those  from  the  tubercle  bacilli  palmitic  and  arachidic. 

The  Chemical  History  of  a  Case  of  Combined  Antimonial  and 
Arsenical  Poisoning.  By  C.  A.  Doremus.  J.  Am.  Chem.  Soc,  17,  667- 
682.  —  The  body  of  a  man  was  exhumed  three  months  after  the  interment,  and 
the  organs  subjected  to  chemical  examination  in  order  to  detect  the  presence 
of  poisons.  Examinations  were  made  for  alkaloids  and  inorganic  poisons.  For 
the  alkaloid  tests  alcoholic  extracts  were  made  of  portions  of  the  stomach,  in- 
testines, and  liver ;  these  extracts  were  evaporated,  again  treated  with  alcohol 
and  evaporated,  and  the  residue  dissolved  in  water  and  treated  with  petroleum 
ether,  benzene,  amyl  alcohol,  and  ammonia  to  make  sure  of  the  extraction  of 
morphine.  No  poisonous  alkaloid  was  found  in  any  of  the  residues.  The 
metals  looked  for  were  arsenic,  antimony,  copper,  and  bismuth.  The  com- 
minuted tissues  were  disintegrated  by  hydrochloric  acid  and  potassium  chlo- 
rate, chlorine  expelled,  and  hydrogen  sulphide  passed  into  the  solution. 
A  heavy  precipitate  resulted.  The  sulphides  were  purified  and  analyzed,  an- 
timony, arsenic,  and,  in  some  of  the  organs,  copper  being  found.  Antimony 
and  arsenic  were  found  in  the  stomach,  intestine,  liver,  spleen,  heart  and 
blood,  brain  and  muscle,  by  a  variety  of  tests.  The  total  amount  of  arsenic 
found  was  equivalent  to  0.32565  gram  As203,  and  the  total  amount  of  anti- 
mony equivalent  to  0.46036  gram  tartar  emetic.  The  amount  of  copper  found 
was  small.  The  article  points  out  some  details  to  be  observed  in  testing  for 
and  separating  small  quantities  of  arsenic  and  antimony  in  organic  matter. 

Historical  Chemistry. 

F.  H.  Thorp,  Abstracter. 

The  Composition  of  Athenian  Pottery.  By  Theodore  William 
Richards.  Am.  Chem.  J.,  17,  152-154.  —  This  is  a  contribution  to  the  ques- 
tion of  identity  of  the  source  of  fragments  of  ancient  pottery  with  that  of 
material  found  in  other  cities.  The  results  of  analyses  of  five  distinct  samples 
are  tabulated  and  show  great  similarity  of  composition,  from  which  it  is  con- 
cluded that  all  the  specimens  were  made  in  a  pottery  located  in  the  city  of 
Athens,  where  the  fragments  were  found. 

Notes  on  the  History  of  Zinc.  By  W.  H.  Seamon.  Bull.  Missouri 
Mining  Club,  I,  1,  53-67. 

The  Alchemists'  Symbols  for  the  Metals  and  Some  Other  Sub- 
stances, with  Some  Facts  of  a  Historical  Character  Concerning 
Them.    By  W.  H.  Seamon  and  D.  T.  Parker.    Bull.  Missouri  Mining  Club, 

l,  5-2i- 
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Metallurgical  Chemistry  and  Assaying. 

H.  O.  Hofman,  Abstracter. 

Some  Experiments  for  Determining  the  Refractoriness  of  Fire- 
Clays.  By  H.  O.  Hofman  and  C.  D.  Demond.  Trans.  Am.  Inst.  Mining Eng., 
24,  42-66.  —  The  methods  of  Bischof  and  Seger  for  calculating  the  refractory 
quotient  are  given  in  detail  and  compared.  The  experimental  methods  of 
Knaffl,  Otto,  Bischof,  and  Seger  are  shortly  reviewed,  and  the  experiments 
made  by  the  authors  given  in  detail.  Their  object  was  to  find  a  method  by 
means  of  which  they  could  determine  the  refractory  character  of  high-grade 
as  well  as  low-grade  clays  at  a  standard  temperature  below  the  melting  point 
of  platinum  which  would  permit  of  watching  the  samples  while  exposed  to  the 
fire.  The  temperature  chosen  was  1,500°  C.  The  method  used  was  to  tone 
down  high-grade  clays  with  different  mixtures  of  silica  and  calcium  carbon- 
ate, and  to  tone  up  low-grade  clays  with  a  mixture  of  equal  parts  of  silica  and 
alumina,  until  the  sample,  formed  to  the  shape  of  a  three-sided  pyramid,  would 
fuse  at  the  standard  temperature.  The  furnace  constructed  for  this  purpose 
was  heated  by  a  large  blowpipe  of  refractory  material.  Superheated  illumi- 
nating gas  and  air  meeting  in  a  dozen  or  more  small  streams  at  an  angle 
were  thoroughly  mixed,  thus  insuring  quick  and  perfect  combustion  ;  the  flame 
passing  along  in  a  refractory,  well-isolated  chamber  came  in  contact  with  the 
samples,  and  passed  off  through  a  flue  in  the  roof.  The  charging  door,  with 
peephole  at  the  end  opposite  the  entrance  of  the  flame,  permitted  handling 
of  samples  and  watching  of  process.  The  standard  for  measurement  of  tem- 
perature was  the  LeCliatelier  pyrometer.  The  authors  carried  on  systematic- 
ally a  series  of  thirty-six  experiments,  of  which  fifteen  were  on  fire-clay  from 
Mt.  Savage,  Maryland,  fourteen  on  kaolin  from  Blandford,  Massachusetts,  and 
seven  on  common  brick  clay  from  Cambridge,  Massachusetts.  The  refractory 
quotients  for  all  mixtures  were  calculated.     The  paper  is  fully  illustrated. 

On  the  Study  of  Slags  from  Lead  Furnaces,  with  the  Object 
of  Producing  Liquation  and  Crust  Effects.  By  J.  Struthers.  School 
Mines  Quart.,  16,  356-373.  —  The  paper  is  a  record  of  experiments  made  in 
melting  down  slags  in  graphite  crucibles  and  allowing  them  to  cool  slowly  so 
that  crystalline  compounds  might  separate  out  and  be  studied,  the  furnace 
used  giving  a  temperature  of  from  1,500  to  1,550°  C.  The  graphite,  however, 
reduced  some  of  the  iron  of  the  slag,  and  thus  changed  the  composition.  To 
the  paper  is  appended  a  bibliography  on  slag  in  all  its  relations. 

The  Manganese  Slags  of  Tombstone,  Arizona.  By  J.  A.  Church. 
Trans.  Am.  Just.  Mining  Eng.,  24,  559-571.  —  The  paper  is  a  full  record  of 
smelting  the  enriched  product  obtained  by  concentrating  tailings  from  the  sil- 
ver amalgamating  mill  of  the  Tombstone  Mining  and  Milling  Co.  The  main 
points  of  interest  are  the  fineness  of  the  ore,  the  richness  in  manganese  of  the 
slags  (running  as  high  as  43  per  cent.  MnO),  the  small  percentage  of  lead  in 
the  charge  (4.6-8.6  per  cent.),  and  the  fact  that  no  matte,  or  hardly  any  matte, 
was  produced,  although  galena,  anglesite,  pyrite,  and  blende  were  present. 

The  Stetefeldt  Furnace.  By  C.  A.  Stetefeldt.  Trans.  Am.  Inst. 
Mining  Eng.,  ii„  1-2 1.  —  In  connection  with  a  full  description  of  the  latest 
form  of  his  furnace  and  an  attack  made  on  it  by  L.  D.  Godschall  {Froc.  Col. 
Sci.  Soc,  4,  306-322),  the  author  discusses  many  general  points  in  chlorodiz- 
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ing,  namely,  the  percentage  of  sulphur  required,  the  effects  of  lime  and  mag- 
nesia, the  additional  chlorination  on  the  cooling  floor,  and  the  loss  of  silver  by 
volatilization  and  dusting. 

Product  and  Economical  Results  of  the  Marsac  Refinery  for 
1892.  By  C.  A.  Stetefeldt.  Trans.  Am.  Inst.  Mining  Eng.,  24,  221-234. — 
The  author  gives  full  statistics,  and  compares  the  results  obtained  by  his 
method  of  treating  the  mixed  sulphides  from  the  Russell  process  with  the  re- 
turns received  from  silver-lead  smelters.  Compare  the  author's  earlier  papers 
(op.  at.,  20,  37,  46;  21,  286). 

Chloride  of  Bromine  as  a  Gold  Solvent.  ByW.  E.  Gifford.  Eng. 
Mining  J.,  60,  27.  —  A  solution  of  chloride  of  bromine,  more  or  less  dilute, 
used  on  gold  ores  has  proved  in  the  laboratory  an  efficient  solvent  for  gold. 
It  is  prepared  by  passing  chlorine  through  bromine  until  the  latter  is  volatil- 
ized and  conducting  the  resulting  gas  through  water,  or  by  passing  chlorine 
through  bromine  under  water.     (Compare,  Gaze,  Eng.  Mining  J.,  59,  442.) 

Cyaniding  or  Chlorination.  By  E.  A.  Schneider.  Eng.  Mining  J., 
59,  461.  —  Leaching  with  potassium  cyanide  may  be  cheaper  under  excep- 
tionally favorable  conditions  than  leaching  with  chlorine,  but  the  latter  is  gen- 
erally more  reliable,  as  it  suits  almost  all  ores,  while  potassium  cyanide  is 
adapted  only  to  a  few. 

The  Rate  of  Solution  of  Gold  in  Cyanide  Solution.  By  A.  W. 
Warwick.  Eng.  Mining  J.,  59,  604-605. — The  paper  contains  a  series  of 
experiments  on  the  solubility  of  gold  foil  and  gold-silver  alloys  in  potassium 
cyanide  under  various  conditions.  The  results  are  plotted  in  charts.  Sum- 
ming them  up,  the  author  states  that  the  solubility  increases  with  the  tempera- 
ture, the  length  of  treatment,  the  degree  of  concentration,  and  the  presence 
of  halogen  cyanides,  especially  of  cyanogen  bromide  ;  that  metallic  cyanides 
present  as  impurity  have  a  marked  influence  on  the  rate  of  solution  ;  that 
gold-silver  alloys  are  less  soluble  than  pure  gold  ;  and,  lastly,  that  potassium 
ferrocyanide  and  potassium  sulphocyanide  are  solvents  for  gold.  In  regard  to 
the  use  of  cyanogen  bromide,  he  notes  that,  while  halogen  cyanides  acceler- 
ate the  solution  of  gold,  they  have  a  rapidly  decomposing  effect  on  potassium 
cyanide.  He  suggests  an  explanation  of  the  chemical  action  of  cyanogen 
bromide  and  iodide  in  promoting  the  solution. 

Mulholland's  Bromo-Cyanide  Process.  By  J.  S.  C.  Wells.  Eng. 
Mining  J.,  59,  531.  —  The  object  of  this  note  is  to  show  that  the  Mulholland 
process  contains  nothing  that  is  not  included  in  the  Sulman  process  (Eng. 
Mining  J.,  59,  510).  In  the  former,  bromine  is  added  to  a  dilute  solution  of 
potassium  cyanide.  In  the  latter  the  solvent  is  prepared  either  in  the  same 
way  as  by  Mulholland  or  preferably  by  adding  cyanogen  bromide,  separately 
prepared,  to  the  dilute  solution  of  potassium  cyanide  in  the  desired  propor- 
tion. This  is  an  advantage,  as,  even  according  to  Mulholland,  an  excess  of 
bromine  causes  potassium  bromide  and  hydrocyanic  acid  to  form. 

Cyanogen  Bromide  and  Potassium  Cyanide  for  Dissolving  Gold. 
By  F.  A.  Teed.  Eng.  Mining  _/.,  59,  365.  —  The  author  argues  against 
Schneider's  statement  (this  Quart.,  8,  112)  that  the  whole  of  Sulman's  proc- 
ess consists  in  adding  bromine  to  a  potassium  cyanide  solution,  but  the  argu- 
ment seems  inconclusive  to  the  abstracter. 
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Cyanide  vs.  Cyanide  plus  Cyanogen  Bromide.  By  J.  S.  C.  Wells. 
Eng.  Mining  J.,  59,  482.  —  This  is  a  record  of  some  comparative  solution 
experiments  with  potassium  cyanide  with  and  without  addition  of  cyanogen 
bromide  on  gold  foil,  gold  ore,  concentrates,  and  tailings.  The  results  show 
the  extraction  by  potassium  cyanide  and  cyanogen  bromide  to  be  considerably 
greater  than  that  by  potassium  cyanide  alone,  and  the  consumption  of  potas- 
sium cyanide  to  be  only  slightly  larger.  Thus  a  concentrate  assaying  1.59 
ounces  gold  per  ton  and  6.3  ounces  silver,  and  consisting  of  pyrite,  arseno- 
pyrite,  and  oxide  of  iron,  showed  an  extraction  of  76  per  cent,  of  the  gold 
and  45  per  cent,  of  the  silver  with  potassium  cyanide,  and  89.4  per  cent,  of 
the  gold  and  70  per  cent,  of  the  silver  with  potassium  cyanide  and  cyanogen 
bromide,  the  consumption  of  potassium  cyanide  per  ton  of  ore  being  with  the 
former  3.1  pounds,  with  the  latter  3.4  pounds. 

Notes  on  the  Precipitation  of  the  Precious  Metals  from  Cya- 
nide Solutions  by  Means  of  Zinc.  By  N.  Anderson.  Proc.  Col,  Sci. 
Soc,  April  1,  1895.  —  In  precipitating  gold  from  a  cyanide  solution  much  more 
than  one  atom  of  zinc  is  consumed  for  two  atoms  of  gold  precipitated.  This 
is  attributed  by  the  author  to  the  solvent  action  of  potassium  hydroxide  pres- 
ent in  the  cyanide  solution,  potassium  zincate  being  formed.  The  coexistence 
of  the  zincate  and  cyanide  is  doubted  by  some  writers,  but  the  author's  exper- 
iments lead  him  to  believe  that  zinc  cyanide  is  decomposed  when  dissolved  in 
the  alkaline  or  alkaline-earth  hydroxides.  The  presence  of  unstable  potas- 
sium zincate,  readily  decomposed  by  contact  with  air  and  ore,  is  also  the 
reason  why  zinc  does  not  accumulate  in  cyanide  solutions.  —  The  author  finds 
that  zinc  cyanide  dissolved  in  hydroxides  of  sodium  and  potassium  is  a  sol- 
vent for  gold  and  silver,  and  that  the  double  cyanide  of  zinc  and  potassium, 
also,  contrary  to  the  common  belief,  has  a  solving  effect  on  the  precious 
metals. 

Separation  and  Treatment  of  Lead  Matte  at  the  Blast  Furnace. 
By  L.  S.  Austin.  Eng.  Mining  J.,  60,  126-127.  —  *n  smelting  argentiferous 
lead  ores  the  amount  of  matte  formed  depends  on  the  sulphur  present  in  the 
charge.  The  percentage  of  silver  in  the  matte  stands  in  direct  relation  to 
that  of  lead,  this  being  also,  at  least  to  some  extent,  the  case  with  copper. 
In  tapping  into  a  conical  slag  pot  a  mixture  of  matte  and  slag  with  which  a 
small  amount  of  lead  is  entangled,  and  allowing  it  to  cool  slowly,  there  will  be 
found,  under  favorable  conditions,  at  the  bottom  of  the  pot  a  button  of  lead 
overlaid  by  a  clean  cake  of  speise,  of  matte,  and  lastly  of  slag.  Often,  how- 
ever, the  lines  of  demarcation  are  not  absolute.  Many  attempts  made  to 
effect  a  good  separation  of  the  melted  masses  are  described  by  the  author. 

Segregation  in  Ores  and  Mattes.  By  D.  H.  Brown.  School  Mines 
Quart.,  16,  297-311.  —  The  matte  produced  at  Sudbury,  Canada,  has  the  aver- 
age composition  :  Cu  :  24,  Ni :  20,  Fe  :  28,  S  :  28  per  cent.,  and  a  specific  grav- 
ity of  5  to  5.2.  It  is  tapped  into  large  conical  cast-iron  pots,  from  which, 
when  it  has  come  to  a  set,  it  is  turned  out  and  allowed  to  cool  on  the  dump. 
In  the  cracks  formed  by  cooling,  small  hairs  or  wires  of  copper  are  observed 
near  the  top  and  outside,  while  crystals  of  ferro-nickel,  Fe8Ni„,  are  found 
at  the  bottom  near  the  center.  Assays  show  that  a  cake  of  matte  is  richer 
in  copper  at  the  top  than  at  the  bottom,  and  conversely  poorer  in  nickel. 
The  paper  contains  a  number  of  analyses,  the  samples  for  which  were  taken 
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from  different  parts  of  a  cake  of  matte,  as  shown  in  the  illustrations.  From 
them  the  author  draws  the  conclusions:  (i)  that  "in  a  mass  of  molten  cop- 
per, nickel,  iron  matte,  the  sulphides  are  mutually  antagonistic  ; "  (2)  that 
"the  tendency  of  nickel  and,  though  in  a  less  degree,  that  of  iron  is  also  to 
concentrate  toward  the  center  with  a  slight  downward  inclination  ;  "  (3)  that 
"  the  tendency  of  copper  is  to  disperse  toward  the  outside  and  to  rise  toward 
the  top  of  the  casting."  The  bearing  of  the  results  on  the  natural  formation 
of  the  Sudbury  deposits,  which  was  the  special  object  of  the  investigation,  is 
considered  at  length. 

The  Refining  of  Gold  Sulphides  Produced  by  the  Precipitation 
of  Gold  from  Chlorine  and  Bromine  Solutions  with  Sulphurous 
Acid  and  Hydrogen  Sulphide.  By  VV.  Langguth.  Trans.  Am.  Inst.  Min- 
ing Eng.,  24,  100-106.  —  The  paper  is  an  illustrated  description  of  the  meth- 
ods of  working  introduced  by  Mr.  Langguth  at  the  Golden  Reward  Works 
of  Deadwood,  South  Dakota,  in  1890,  and  the  Black  Hills  Milling  and  Smelt- 
ing Company's  works  of  Rapid  City,  South  Dakota,  in  1892.  It  consists  (1)  in 
drying  and  roasting  the  precipitate  on  a  cast-iron  pan  either  in  a  cast-iron 
muffle  or  a  fireplace  where  the  fumes  are  drawn  off  by  a  hood ;  (2)  in  pulver- 
izing the  roasted  precipitate  in  a  horizontal  iron  revolving  drum  containing 
a  few  cobblestones  ;  (3)  in  adding  to  it  the  necessary  quantity  of  fluxes, 
such  as  soda,  borax,  and  niter ;  (4)  in  melting  in  a  plumbago  crucible  and 
casting ;  and  (5)  in  working  up  the  slag.  The  losses  in  refining  are  princi- 
pally mechanical ;  the  volatilization  loss  is  very  small,  and  need  only  be  con- 
sidered if  arsenic  and  antimony  are  present,  but  with  careful  roasting  and 
fluxing  it  can  be  avoided. 

Tina-Amalgamation.  By  V.  Pacos  y  Sacio.  Eng.  Mining  J.,  60,  253- 
254.  —  The  author  strongly  advocates  the  use  of  tina  instead  of  pan-amalga- 
mation, or,  in  other  words,  the  use  of  a  copper-bottom  pan,  with  incidental 
wet  chlorinating,  instead  of  an  iron  pan,  where  the  adding  of  chemicals  can- 
not have  such  a  favorable  effect  on  account  of  the  iron's  throwing  down  much 
of  the  copper.  Copper  pans  for  amalgamating  ore  ground  in  iron  pans  have 
been  tried  in  this  country,  but  have  not  been  adopted,  although  chemically 
there  is  every  reason  for  their  being  a  success.  The  author  says  that,  in  addi- 
tion to  cupric  and  cuprous  chloride  acting  as  chlorodizers  on  silver  minerals, 
other  important  reactions  take  place  in  the  tina,  and  constitute  one  of  its  ad- 
vantages, namely,  a  metathetical  reaction  between  cupric  sulphate  and  silver 
sulphide,  and  subsequent  decomposition  of  the  silver  sulphate  by  metallic  cop- 
per. The  abstracter  is  not  aware  that  silver  sulphide  is  decomposed  by  cupric 
sulphate  alone.  When  amalgamated  in  an  iron  or  copper  pan,  it  is  decom- 
posed by  the  galvanic  action  of  mercury  and  iron  (or  copper)  which  form  the 
two  poles,  the  cupriferous  brine  being  the  electrolyte.  In  the  second  equa- 
tion it  would  seem  as  if  iron  could  easily  replace  copper  so  as  to  decom- 
pose the  readily  soluble  silver  sulphate  whether  cupric  sulphide  be  present 
or  not. 

The  Cerro  de  Pasco  Mining  Industry.  By  O.  F.  Pfordte.  Trans. 
Am.  Inst.  Mining  Eng.,  24,  107-12 1.  —  The  paper  treats  shortly  of  the  mines 
of  this  celebrated  district,  and  discusses  more  in  detail  the  methods  of  assay 
and  ore  treatment.  The  assay  is  practically  an  imitation  of  the  large-scale 
method  of  working  in   the   Patio.     This  has  the  following  operations  :   fine 
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crushing  in  the  Chilian  mill,  driven  by  a  horizontal  water  wheel,  at  the  rate  of 
one  and  one  half  tons  of  ore  in  twenty-four  hours,  settling  out  the  liquid  pulp 
in  suitable  tanks,  amalgamating  charges  of  about  fifteen  tons  in  the  Patio,  sep- 
arating tailings  from  amalgam  by  treading,  filtering  the  amalgam  and  pressing 
it  into  cylindrical  cakes  to  be  charged  into  the  retort  and  distilled,  and  melt- 
ing the  retort  silver  into  bars.  Full  data  accompany  the  description  of  each 
operation. 

Aluminum  Bronze.  By  L.  Waldo.  Trans.  Am.  Inst.  Mining  Eng.,  24, 
525-529,  878-883.  —  Of  the  different  alloys  of  aluminum  and  copper,  the 
10  per  cent,  alloy  is  believed  to  be  a  true  compound  of  the  formula  AlCu4. 
The  reasons  given  are  that  a  small  percentage  of  aluminum  reduces  the  con- 
ductivity of  copper  for  .electricity  to  an  enormous  degree  ;  that  the  chemical 
reaction  on  mixing  aluminum  and  copper,  both  heated  to  just  above  red- 
ness, is  so  powerful  as  to  cause  the  mixture  to  become  white  hot  and  to 
boil  strongly;  and  that  copper  with  less  than  10  per  cent,  aluminum  does 
not  show  any  segregation  of  the  latter  metal  whatever.  Alloys  of  copper 
with  less  than  10  per  cent,  aluminum  are  to  be  considered  as  solutions  of  the 
alloy  AlCu4,  the  true  aluminum-bronze,  in  copper.  —  The  mechanical  proper- 
ties of  the  alloy  resemble  those  of  steel ;  it  is  non-magnetic,  and  strongly 
resists  corrosion.  There  are  difficulties  in  casting  aluminum-bronze  on  ac- 
count of  the  great  contraction.  So  far,  castings  weighing  over  two  tons  have 
not  been  made.  —  Mr.  Howe,  discussing  the  paper,  is  not  prepared  to  accept 
the  above  theory  as  final.  He  sees  a  family  likeness  in  aluminum-bronze  to 
brass  and  real  bronze. 

The  Basic  Bessemer  Process.  By  F.  E.  Thompson.  Iron  Age,  56, 
271-276.  —  This  paper  is  a  review  of  the  work  done  at  Pottstown,  Pennsyl- 
vania, from  189 1  to  1893,  the  object  being  to  show  that  basic  Bessemer  steel 
can  be  made  as  successfully  here  as  abroad,  as  the  chemical  composition  of 
the  steel  in  the  converter  can  be  regulated  to  a  nicety.  The  paper  contains 
twenty-five  tables  giving  the  details  of  chemical  and  physical  tests  of  different 
grades  of  steel. 

The  Inaccuracy  of  the  Commercial  Assay  for  Silver  and  of 
Commercial  Statistics  in  Silver  Mills,  with  Especial  Reference  to 
the  Treatment  of  Roasted  Ores  by  Amalgamation  and  by  the 
Russell  Process.  By  C.  A.  Stetefeldt.  Trans.  Am.  Inst.  Mining  Eng., 
24,  530-543,  867-872. — The  purpose  of  this  paper  is  to  show  that  the  per- 
centage of  silver  reported  as  saved  in  silver  works  is  incorrect,  on  account  of 
the  inaccuracy  of  the  assay  and  the  method  of  sampling.  In  assaying,  the 
author  distinguishes  the  "  commercial  assay,"  which  does  not  take  into  con- 
sideration the  silver  remaining  in  the  slag  and  cupel  or  the  silver  that  is  vola- 
tilized from  the  "corrected  assay,"  in  which  the  first  two  losses  are  deter- 
mined and  added  to  the  final  result.  As  regards  the  manner  of  assaying,  the 
crucible  method  is  given  the  preference  for  ores  and  tailings,  and  the  scorifi- 
cation  method  for  rich  sulphides.  The  discussion  brings  out  the  fact  that  this 
preference  for  the  crucible  assay  is  not  very  general,  at  least  with  smelting 
men.  The  manner  of  sampling  tailings  from  leaching  vats  and  settlers  is  dis- 
cussed, and  finally  two  comparisons  are  given  between  the  results  of  leaching 
and  amalgamating  based  on  the  commercial  and  corrected  assay. 
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Losses  of  Gold  and  Silver  in  the  Fire-Assay.  By  H.  Van  F. 
Furman.  Trans.  Am.  Inst.  Mining  Eng.,  24,  735-742. — The  purpose  of  this 
paper  is  to  call  attention  to  the  sources  of  error  in  assaying  ore,  matte,  and 
base  bullion  for  gold  and  silver,  and  to  point  out  how  they  can  be  avoided. 
Inequality  of  results  is  due  in  part  to  incorrect  sampling  of  the  substance  ;  in 
part  to  varying  losses  in  scorification,  crucible  work,  and  cupelling;  to  the 
more  or  less  perfect  elimination  of  base  metal  from  the  dore"-silver  button  on 
the  cupel ;  and  lastly  to  the  more  or  less  complete  parting  of  gold  and  silver. 
Tables  with  numerical  data  show  the  varying  amount  of  loss,  and  indicate 
how  to  avoid  it. 

Losses  of  Silver  and  Gold  in  Cupelling.  By  W.  H.  Seamon  and 
D.  T.  Parker.  Bull.  Missouri  Mining  Club,  I,  No.  2,  13-23.  —  The  paper 
gives  in  ten  tables  a  full  record  of  a  large  number  of  cupellations  systematic- 
ally carried  out  for  the  purpose  of  determining  the  volatility  of  silver  and 
gold  when  heated  alone  and  when  cupelled  at  different  temperatures  with 
varying  amounts  of  lead,  the  influence  of  gold  on  the  volatility  of  silver,  and 
the  loss  from  absorption  by  the  cupel.  The  results  are  especially  valuable,  as 
the  temperatures  were  not  estimated  by  the  eye,  as  is  common,  but  measured 
with  a  pyrometer. 

The  Allotropism  of  Gold.  By  H.  Louis.  Trans.  Am.  Inst.  Mining 
Eng.,  24,  182-186,  705-712. —  It  is  permissible  to  speak  to-day  of  two  forms 
of  gold,  the  ordinary  yellow  variety  and  the  red,  brown,  or  purple,  non-lus- 
trous, amorphous  variety,  and  there  are  indications  of  still  others.  The  two  are 
distinguished  by  their  physical  properties,  viz.,  color,  crystallization,  specific 
gravity,  and  degree  of  thermal  energy;  and  their  chemical  properties,  viz.,  ordi- 
nary gold  with  chlorine  or  bromine  gives  AuCI3  or  AuBr3,  and  amalgamates 
readily  ;  amorphous  gold  gives  Au2Cl2  or  Au2Br2,  does  not  amalgamate,  etc. 
Heat  and  violent  mechanical  action  convert  amorphous  gold  into  ordinary 
gold.  The  specific  gravity  of  amorphous  gold  obtained  from  parting  gold-sil- 
ver alloy  is  higher  than  when  it  is  annealed,  but  also  higher  than  when  it  is 
fused.  Experiments  on  annealing  amorphous  gold  show  that  there  are  no 
points  of  recalescence  as  there  are  with  heated  iron  when  it  is  being  cooled. 
The  fact  that  amorphous  gold  precipitated  from  highly  diluted  solutions  does 
not  combine  with  mercury  gives  a  new  explanation  of  some  forms  of  "  rusty  " 
gold. 

Joseph  Hall's  Process  for  the  Manufacture  of  Aluminum.  By 
the  Editor.  Eng.  Mining  J.,  59,  581.- — -This  process  consists  in  (1)  pre- 
paring alumina  from  bauxite  by  treating  with  sulphuric  acid,  evaporating  the 
solution,  and  calcining  the  residue,  at  the  same  time  condensing  the  sul- 
phuric acid  liberated  to  be  used  again;  (2)  preparing  the  anode,  which  consists 
of  a  mixture  of  carbon  and  alumina  ;  (3)  reducing  the  alumina  by  electroly- 
sis, the  electrolyte  being  a  melted  bath  of  chlorides  of  aluminum,  sodium, 
and  lithium  contained  in  a  vessel  lined  with  carbon  or  carbon  and  alumina ; 
(4)  tapping  at  intervals  the  reduced  metal,  removing  the  anode  and  replen- 
ishing the  volatilized  chloride.  —  If  the  adjustments  are  such  as  to  furnish  the 
bath  sufficient  alumina,  the  carbon  is  oxidized  to  carbon  dioxide  ;  with  insuffi- 
cient alumina  the  resistance  increases,  and  carbon  burns  to  carbon  monoxide. 
A  current  of  1,000  amperes  passing  through  from  one  to  four  reduction  pots  in 
series,  and  of  from  3  to  7  volts  per  pot,  reduces  metal  at  the  rate  of  0.6  pound 
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per  hour,  requiring  not  more  than  8,000  watt-hours  per  pound.  The  highest- 
grade  metal  shows  99.7  per  cent,  aluminum;  the  average  metal,  98.15  per 
cent,  aluminum. 

Magnesia  and  Sulphur  in  Elast  Furnace  Cinder.  By  F.  Firm- 
stone.  Trans.  Am.  Inst.  Mining  Eng.,  24,  498-505,  889-898,  and  A.  D. 
Elbers.  Eng.  Mining  J.,  59,  52,  75,  363.  —  In  the  production  of  pig  iron  it 
is  generally  accepted  that  the  more  basic  the  cinder,  the  more  readily  will 
it  take  up  sulphur,  and  that  the  lime-alumina  silicate  will  remove  sulphur 
from  the  pig  better  than  the  lime-magnesia  alumina  silicate,  and  still  better 
than  the  magnesia-alumina  silicate.  In  Eastern  Pennsylvania  no  difficulty  is 
found  in  making  not  only  pig  low  in  sulphur  with  what  is  practically  a  normal 
dolomite,  but  in  comparison  with  the  silicon  it  contains  less  sulphur  than  if 
produced  with  pure  limestone.  A  cinder  containing  from  39  to  40  pef  cent, 
silica,  if  pure  limestone  is  used  as  flux,  slacks  on  cooling,  and  gives  trouble  in 
the  furnace  ;  it  ceases  to  do  this  when  dolomite  replaces  the  limestone,  and 
the  furnace  can  carry  a  heavier  burden.  Mr.  Firmstone  says  that  in  all  cases 
he  has  examined,  when  dolomite  successfully  replaced  limestone,  the  alumina 
of  the  cinder  was  low,  while  the  separation  of  spinel  (MgO,  A1203)  in  a  cin- 
der high  in  magnesia  may  be  attributed  to  a  high  percentage  of  alumina,  and 
concludes  that,  as  far  as  his  observation  goes,  he  would  be  careful  about  in- 
creasing the  alumina  above  10  per  cent,  if  the  cinder  showed  20  or  more  per 
cent,  of  magnesia.  The  paper  is  discussed  by  Messrs.  Landis  and  Raymond. 
While  Mr.  Firmstone  treats  the  matter  from  the  side  of  chemical  analysis, 
Mr.  Elbers  confines  himself  principally  to  thermo  chemical  data.  The  spe- 
cific heat,  he  says,  of  magnesia  is  higher  than  that  of  alumina,  and  that  of 
alumina  higher  than  that  of  lime  ;  he  assumes  that  the  specific  heat  of  the 
singulosilicate  of  lime  and  magnesia  is  higher  than  that  of  alumina,  and  that 
it  is  at  its  maximum  when  lime  and  magnesia  are  present  in  equivalent  pro- 
portions. The  argument,  then,  is  that  the  higher  the  specific  heat  of  the  slag 
constituents  the  hotter  must  be  the  furnace  to  keep  the  slag  thoroughly  liquid, 
which  necessitates  a  larger  consumption  of  fuel,  causing  also  a  higher  carbon- 
ation  of  the  iron  and  a  more  perfect  reduction  of  slagged  iron,  and  thus  a 
higher  percentage  of  silicon  in  the  pig.  The  formation  of  slack  cinder  or  the 
segregation  of  spinel  is  due  to  a  lack  of  heat.  When  this  is  not  sufficient  for 
the  silica  to  hold  all  the  bases  in  combination,  it  will  drop  first  those  which 
have  the  highest  specific  heat,  i.e.,  magnesia  and  alumina.  In  a  subsilicate 
slag  with  an  excess  of  lime,  the  silicate  of  lime  having  a  low  specific  heat  will 
keep  down  the  temperature,  and  if  dolomite  is  the  flux  it  will  be  advisable  to 
keep  the  percentage  of  alumina  low,  as  it  also  has  a  high  specific  heat.  —  As 
regards  the  sulphur-absorbing  capacity  of  lime  and  magnesia,  thermo  chemical 
data  show  that  the  difference  between  the  amount  of  heat  absorbed  by  the  de- 
composition of  CaO  (132  Cal.)  and  the  amount  set  free  by  the  formation  of 
CaS  (92  Cal.)  is  less  than  it  is  with  MgO  (146  Cal.)  and  MgS  (79*  Cal.).  It  is 
also  known  that  magnesium  sulphide  is  not  formed  by  heating  magnesia  and 
sulphur,  or  magnesium  sulphate  and  carbon,  or  allowing  magnesia  to  be  acted 
upon  by  carbon  bisulphide,  as  is  the  case  with  calcium  sulphide ;  further,  that 
all  iron  oxide  is  acted  upon  at  lower  temperatures  by  sulphur-bearing  gases 
than  lime,  and  that  the  reaction  between  lime  and  ferrous  sulphide  takes  place 
at  a  lower  temperature  than  that  between  magnes'a  and  ferrous  sulphide.  If, 
therefore,  a  cinder  high  in  magnesia  absorbs  more  sulphur  than  one  high  in 
lime,  the  reason  is  that,  there  being  enough  lime  present  to  absorb  nearly  all 
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of  the  sulphur,  this  sulphur-absorbing  capacity,  increasing  with  the  tempera- 
ture, is  brought  to  its  greatest  power  by  the  high  temperature  of  the  furnace 
required  to  keep  the  magnesian  cinder  fluid.  The  inference  is  that  magnesia 
will  always  increase  the  sulphur-absorbing  capacity  of  the  cinder  as  long  as 
there  is  enough  lime  present  to  combine  with  the  greater  portion  of  the  sul- 
phur. A  subsilicate  slag,  however,  will  absorb  more  sulphur  than  a  singulo- 
silicate  of  the  same  constituents  as  long  as  the  relatively  small  specific  heat 
of  the  silicate  of  lime  does  not  lower  the  temperature  of  the  blast  furnace 
sufficiently  to  prevent  the  formation  of  a  uniform  slag. 

Apparatus. 

A.  H.  Gill,  Abstracter. 

Af  Simple  and  Convenient  Apparatus  for  Estimating  the  Water 
Holding  Power  of  Soils.  By  J.  L.  Beeson.  J.  Am.  Chem.  Soc,  17,  769. — 
The  apparatus  consists  of  an  ordinary  burette  connected  with  a  tube,  provided 
with  a  reference  mark,  and  containing  the  soil.  The  water  in  the  burette  is 
allowed  to  moisten  the  support  for  the  soil,  and  by  a  Y  piece  is  adjusted  to 
the  reference  mark  and  zero  point  of  the  burette.  The  soil  is  then  moistened, 
the  water  allowed  to  drain  off,  brought  to  the  reference  mark,  and  the  burette 
read  ;  the  difference  represents  the  amount  of  water  taken  up  by  the  25  or  50 
grams  of  soil  used. 

A  Modification  of  Hinman's  Explosion  Pipette.  By  A.  H.  Gill. 
J.  Am.  Chem.  Soc,  17,  771.  —  The  writer  has  adapted  the  Hinman  explosion 
pipette  for  use  with  the  Hempel  gas  apparatus  by  increasing  its  capacity  to 
250  cc,  permitting  the  use  of  all  the  unabsorbable  residue  in  a  gas  analysis 
and  explosion  with  oxygen.  The  spark  wires  enter  at  the  top  and  bottom  of 
the  apparatus,  thus  preventing  any  chance  of  short  circuiting  by  the  formation 
of  a  conductor  by  the  oxides  of  nitrogen  and  carbon  dioxide  formed. 

An  Improved  Gas  Regulator.  By  H.  P.  Dunnington.  J.  Am.  Chem. 
Soc,  17,  781. — The  apparatus  cannot  well  be  described  without  a  figure  ;  it 
makes  use  of  a  U  tube  filled  with  mercury  to  stop  the  flow  of  the  gas,  and  of 
the  expansion  of  air  to  act  upon  the  mercury.  The  various  temperatures  are 
attained  by  heating  the  air  bulb  to  500  or  ioo°,  and  setting  an  index  to  mark 
these  figures.  It  is  claimed  that  the  instrument  is  independent  of  changes 
of  temperature  and  pressure  in  the  room. 

A  New  Generator.  By  Edward  P.  Harris.  J.  Am.  Chem.  Soc,  17, 
809.  —  An  automatic  generator,  the  improvement  in  which  consists  in  allow- 
ing the  fresh  acid  from  the  top  of  the  reservoirs  to  act  upon  the  solid  sub- 
stance, instead  of  the  spent  acid,  as  in  the  Kipp  apparatus. 
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Thursday,  October  10,  1895. 

The  475th  meeting  of  the  Society  of  Arts  was  held  at  the 
Institute  this  day  at  8  p.m.,  President  Walker  in  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  approved.  Mr. 
Blodgett  presented  a  report  from  the  Executive  Committee  announc- 
ing the  resignation  of  Mr.  C.  W.  Andrews  from  the  position  of  Sec- 
retary and  nominating  Dr.  Robert  P.  Bigelow  for  that  office.  Dr. 
Bigelow  was  duly  elected  Secretary. 

Professor  W.  T.  Sedgwick  then  read  a  paper  on  "What  the 
Institute  of  Technology '  Has  Done  and  Is  Doing  for  the  Public 
Health." 

This  was  followed  by  a  general  discussion,  at  the  close  of  which 
the  President  thanked  Professor  Sedgwick  for  his  interesting  paper 
and  the  Society  adjourned. 
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Thursday,  October  24,  1895. 

The  476th  meeting  of  the  Society  of  Arts  was  held  at  the 
Institute  this  day  at  8  p.m.,  President  Walker  in  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  following  papers  were  read  by  title : 

"Experiments  on  the  Relation  of  Hysteresis  to  Temperature,"  by 
F.  A.  Laws  and  H.  E.  Warren. 

"Studies  on  the  Voltaic  Cell  (II),"  by  H.  M.  Goodwin. 

"  Synthesis  of  Diphenylbiphenyl  and  its  Identification  as  Benzery- 
threne,"  by  A.  A.  Noyes  and  R.  M.  Ellis. 

"Tests  from  the  Engineering  Laboratory  (III)." 

"  Occurrence  of  Trimethylene  Glycol  as  a  By-Product  in  Glycerine 
Manufacture,"  by  A.  A.  Noyes  and  W.  H.  Watkins. 

"  Rate  of  Hydrolysis  of  Salicine  with  Acids,"  by  A.  A.  Noyes  and 
W.  T.  Hall. 

Professor  Francis  W.  Chandler  then  read  a  paper  on  "  Early 
Roman  Construction."  The  paper  was  illustrated  with  the  lantern. 
The  Society  then  adjourned. 


Thursday,  November  14,  1895. 

The  477th  meeting  of  the  Society  of  Arts  was  held  at  the 
Institute  this  day  at  8  p.m.,  Dr.  Francis  H.  Williams  in  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  approved.  Messrs. 
P.  H.  Dudley,  of  New  York,  F.  H.  Shephard,  of  Baltimore,  Elwyn  P. 
Smith,  Webster  Wells,  Daniel  D.  Jackson,  and  Samuel  C.  Prescott,  of 
Boston,  were  duly  elected  Associate  Members  of  the  Society. 

The  following  papers  were  presented  by  title : 

"  On  Pyrometry,"  by  S.  W.  Holman. 

"  On  Calorimetry.  Methods  of  Correction  for  Cooling,"  by  S.  W. 
Holman. 

"  Thermo-Electric  Interpolation  Formulae,"  by  S.  W.  Holman. 

"  On  Melting  Points  of  Aluminum,  Silver,  Gold,  Copper,  and 
Platinum,"  by  S.  W.  Holman,  R.  R.  Lawrence,  and  L.  Barr. 

Professor  Charles  Sedgwick  Minot,  of  Harvard  University,  was 
then  introduced,  and  read  a  paper  on  "  The  Problem  of  Embryo- 
Mechanics."  This  was  followed  by  a  discussion,  after  which  the 
Society  adjourned. 
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Thursday,  December  12,  1895. 

The  478th  meeting  of  the  Society  of  Arts  was  held  this  day  at 
8  p.m.,  President  Walker  in  the  chair. 

The  record  of  the  last  meeting  was  read  and  approved.  Messrs. 
Charles  L.  Parmelee,  of  Toledo,  and  Frank  T.  Tandy,  of  Newton, 
were  duly  elected  Associate  Members  of  the  Society. 

Mr.  Howard  A.  Carson  read  a  paper  on  "Various  Inventions  and 
Devices  for  Tunneling  and  Building  Passageways  under  Rivers  and 
Other  Bodies  of  Water."  The  paper  was  illustrated  with  the  lantern. 
The  President  extended  the  thanks  of  the  Society  to  the  speaker  for 
his  very  interesting  paper,  and  then  the  Society  adjourned. 

Robert  P.  Bigelow,  Secretary. 
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CALORIMETRY.     METHODS    OF    CORRECTION   FOR 

COOLING} 

By  SILAS  W.  HOLMAN,  S.B. 

The  following  General  Method  of  treating  the  cooling  correction 
is  applicable  to  nearly  all  non-continuous  calorimetric  processes,  such 
as  the  measurement  of  specific  heats  by  the  "method  of  mixture,"  of 
heat  of  combustion  by  the  Berthelot  or  Mahler  bomb,  etc.  It  is  reli- 
able in  ordinary  practice  within  the  limits  of  error  imposed  by  the 
thermometry  and  by  irregularity  of  conditions  as  to  surroundings. 

Following  the  brief  statement  of  the  "General  Method"  is  that  of  a 
"Special  Case"  of  that  method,  and  of  a  "Modified  Method."  These 
are  supplemented  by  a  demonstration  of  the  "Theory  of  the  Methods" 
and  a  "  Critique." 

The  procedure  in  the  modified  method  is  supposed  to  be  new.  Be- 
yond that  fact  this  paper  claims  the  attention  merely  of  those  who 
desire  a  concise  working  statement  of  a  method  of  cooling  correction 
which  has  stood  the    test  of  practice. 

General  Method.  Procedure.  —  Start  with  the  water  of  the 
calorimeter  at  any  convenient  temperature,  e.  g.,  about  that  of  air.  If 
there  is  a  water-jacket  around  the  calorimeter,  let  it  be  stirred  thor- 
oughly once  for  all,  or,  better,  continuously.  Record  its  temperature 
at  the  beginning  and  end  of  the  measurement  as  a  possibly  useful 
check. 

Let  the  water  of  the  calorimeter  be  stirred  thoroughly,  continu- 
ously, and  at  a  uniform  rate.  Record  times  and  temperatures  of  the 
calorimeter  each  half  minute  until  the  completion  of  the  measure- 
ments (quarter-minute  readings  are  sometimes  preferable).  After  five 
or  more  minutes,  at  a  noted  time,  drop  in  the  hot  substance,  or  start 
the  calorimetric  operation,  whatever  it  may  be,  continuing  the  temper- 
ature reading  throughout  the  operation,  and  for  at  least  five  (better 
ten)  minutes  after  its  completion.  The  plot  shows  a  typical  set  of 
observations. 


1  Presented  to  the  American  Academy  of  Arts  and  Sciences  November  13,  1895 
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A  few  readings  may  unavoidably  be  missed  where  there  is  but  one 
operator,  viz.,  at  the  time  B  and  in  the  steep  part  of  B  C ;  but  these 
are  unimportant,  since  the  former  can  be  obtained  by  prolonging  the 


is  *w> 

Fig.  i. 


line  through  the  data  preceding  the  omission,  and  the  lost  part  of 
i?6~can  be  drawn  in  by  judgment  accurately  enough  because  of  the 
fact  that  it  is  of  so  short  duration  and  must  be  nearly  straight. 

The  Correction.  —  The  significance  of  the  terms  given  in  this  sum- 
mary will  appear  on  reading  the  "Theory  of  the  Methods."  From 
a  plot,  or  from  the  data  direct,  find  the  initial  rate  rx  and  the  tempera- 
ture tx  at  the  time  mx ;  also  the  final  rate  r2  and  temperature  /2  at  mv 
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From  the  plot  or  data  compute  the  mean  calorimeter  temperature  for 
the  time  interval  ?/z2  —  mx  by  the  expression 


T  — 


=  — —  Fi-  h  +  *  +  *  +  ...  +  -L  /21 

n  —  1   L  2  2      J 

Where  n  is  the  number  of  half-minute  temperature  readings  tv  b, 
c,  .  .  .  ,  tv  compute  also 

a  =  rl~r*,    and  0  =  H  +  t.  or  =   IL  +  A. 

Then  the  corrected  rise  of  temperature  in  the  calorimeter  will  be 
t2  —  t\  +  a  (T—  0)   (m2  —  mx), 
or,  if  the  area  method  is  employed,    t2  —  t\-\-  a  A. 

Special  Case.  — Where  B  C  is  sensibly  straight  and  CD  is  of  short 
duration  relatively  to  B  C,  then  t  is  to  be  found  by  prolonging  E  D  to 
its  intersection  in  /  with  the  vertical  through  C,  the  point  where  the 
operation  ceased  or  where  B  C  begins  to  deflect  from  a  straight  line. 
From  C  onward  the  exchange  has  been  at  the  rate  of  D  E,  hence  the 
ordinate  of  /  may  be  taken  as  the  temperature  which  would  have  been 
indicated  had  all  the  remaining  heat  been  distributed  throughout  the 
calorimeter  instantly  when  the  operation  ceased.    This  may  be  called  /2. 

The  gain  by  exchange  during  the  passage  from  B  to  C  is  obviously 

about    —  (rx  +  r2)  (m2  —  ;«j)  where  ;«2  is  the  time  corresponding  to 

t2.     The  corrected  rise  of  temperature  is  then 

h  —  h  —  —  (n  +  r2)   (w2  —  m\). 
2 

Whether  this  special  method  is  close  enough  can  be  determined 
for  any  series  of  measurements  by  solving  a  typical  example  by  both 
it  and  the  general  method. 

Modified  Method.  Procedure.  —  By  computation  from  approxi- 
mate or  estimated  values  of  the  quantities  involved,  or  from  a  prelimi- 
nary trial,  determine  nearly  what  the  rise  of  temperature  in  the  calo- 
rimeter is  to  be,  and  call  this  At.  Start  with  the  water  of  the  jacket 
at,  or  a  degree  or  two  above,  the  temperature  of  the  air  of  the  room. 
In  the  calorimeter,  start  with  the  water  At0  below  that  of  the  jacket, 
or  enough  more  than  At  to  allow  for  unavoidable  rise  during  prelimi- 
nary manipulations,  in  short,  so  that  t°1  shall  be  as  nearly  as  may  be 
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At"  lower  than  6.  The  object  of  this  is  to  have  t2  so  nearly  0  that 
r2  shall  be  nearly  zero.  On  the  plot  of  observations  (Figure  i)  this 
would  cause  A  £  to  incline  upward  and  D  E  to  become  nearly  hori- 
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Fig.  2. 


zontal.     Then  proceed  precisely  as  in  the  general  method  both  as  to 
manipulation  and  computation. 

Theory  of  the  Methods.  —  A  typical  set  of  readings,  for  the 
general  method,  corrected  for  thermometric  error,  and  plotted  with 
times  as  abscissas  and  temperatures  as  ordinates,  would  lie  along  a 
line  A  B  C  D  E  (Figure  i).      This  curve  should  be  convex  upward 
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all  the  way  from  C  to  D,  there  becoming  straight.  If  any  concavity 
shows  itself  between  the  maximum  M  and  E,  or  if  the  straight  line 
through  the  points  between  D  and  E  cuts  the  curve  anywhere  be- 
tween C  and  D,  then  the  data  should  be  rejected.  For  the  infer- 
ence, almost  without  exception,  is  that  the  stirring  was  insufficient  to 
keep  the  thermometer  down  to  the  average  calorimetric  temperature. 
This  may  be  due  either  to  the  bulb  being  badly  located,  so  that  it 
is  unavoidably  heated  to  excess,  or  merely  to  ineffective  stirring. 
The  difficulty  should  be  removed  and  the  observation  repeated. 

The  line  consists  of  four  portions,  viz.  :  i.  The  preliminary  read- 
ings A  to  B.  2.  The  readings  during  the  operation  B  to  some  inde- 
terminate point  C.  3.  Readings  C  to  D  while  the  calorimeter  and 
contents  are  becoming  equalized  in  temperature.  4.  Final,  readings 
after  this  equalization  has  become  sensibly  completed  and  the  calo- 
rimeter and  contents  are  cooling,  or  heating,  by  exchange  with  their 
surroundings.  In  many  cases,  as  in  specific  heat  determinations,  the 
second  and  third  parts  are  one,  that  is,  the  operation  is  the  equaliza- 
tion of  temperature  between  the  calorimeter  and  the  substance  intro- 
duced into  it.  In  the  case  of  a  combustion,  and  many  other  operations, 
these  two  parts  are  to  be  distinguished. 

The  method  is  based  upon  Newton's  law  of  cooling.  Test  observa- 
tions have  shown  that  this  law  holds  with  sufficient  accuracy  for  both 
open  and  closed  talorimeters  —  that  is,  within  the  uncertainty  attribu- 
table to  varying  conditions  of  surroundings  and  to  thermometric  errors. 
From  the  best  representative  straight  line  drawn  through  the  ob- 
served points  between  A  and  B  is  deduced  the  initial  rate  of  exchange 
rx  (positive  for  a  rising,  negative  for  a  falling  temperature),  expressed 
in  degrees  per  minute. 

For  the  data  between  D  and  E,  i.  e.,  through  the  observations  for 
the  final  few  minutes,  which  will  lie  sensibly  along  a  straight  line,  is 
deduced  similarly  the  final  rate  r2. 

Let  t1  be  the  temperature  at  the  point  B,  the  beginning  of  the 
operation.  Call  this  the  initial  temperature.  Then  rx  is  the  exchange 
rate  at  tv  Let  m1  be  the  corresponding  time.  Let  t2  be  the  tempera- 
ture at  the  earliest  minute,  or  half  minute,  e.g.,  the  point  D,  at  which 
the  line  has  become  straight,  i.  e.,  at  which  the  fourth  stage  has  been 
sensibly  attained.  Call  this  the  final  temperature  of  the  calorimeter, 
and  ;«2  the  corresponding  time  in  minutes.  Then  r%  will  be  the  rate 
at  £j. 
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The  average  temperature  of  the  calorimeter  between  mx  and  »z0  is 
next  found  as  follows  :  Drawing  through  the  points  the  best  represent- 
ative line  B  C M D,  read  off  its  ordinates  at  each  half  minute  (better 
each  quarter  minute)  from  mt  to  ;;/2.  Instead  of  a  plot  the  corrected 
data  may  be  used  directly.  Call  these  temperatures  a  ( =  /j)  b,  c,d,  .  .  ., 
n  ( =  /2)  then  the  average  temperature  will  be 

r=-L_r  £.  +  >+,+  . ;. -i-.il 

n  —  1    L    2  2    J 

=  — —  ["-  h  +  *  +  c  +  .  i  ;  +  J-  *,  1 
«  —  i  L  2  2      J 

This  is,  of  course,  the  well-known  process.  [A  slightly  better  one 
is  to  read  off  the  temperature  at  the  end  of  the  first  quarter  minute 
after  mx  then  at  intervals  of  a  half  minute  (viz.,  at  |,  £,  etc.)  up  to  ;;/3 
which  must  therefore  be  selected  at  a  point  an  even  number  of  quarter 
minutes  from  mv  as  there  must  be  a  quarter  minute  interval  at  each 
end.     The  average  of  these  also  gives  T.~\ 

By  Newton's  law  of  cooling,  the  rate  of  gain  or  loss  of  heat  by  a 
body  through  exchange  with  surroundings  is  directly  proportional  to 
the  difference  of  temperature  between  the  body  and  the  surroundings. 
In  calorimetry,  provided  that  the  heat  capacity  of  the  calorimeter  and 
contents  is  not  changed  materially  during  the  process  (by  the  insertion 
or  removal  of  substances),  the  rate  of  gain  of  temperature  through  ex- 
change is  proportional  to  the  rate  of  gain  of  heat,  so  that  the  cooling 
correction  may  be  applied  directly  to  the  temperature  instead  of  to  the 
heat. 

Under  this  condition,  then,  the  rate  of  exchange  of  temperature 
when  the  calorimeter  is  at  any  temperature  t  will  be 

r==a  (t  —  0) 
where  0  =  some  constant  temperature  (representing  that  of  the  sur- 
roundings which  may  not  be  uniform  or  known)  and  a  =  the  rate  per 
degree  difference  between  0  and  t. 

The  two  quantities  a  and  0  are   unknown,   but   obviously  can  be 

computed  from  the  two  pairs  of  observed  values  rv  tv  and  ry  t2. 

For 

rt=a  (0  —  tx),      r2  =  a  (0  —  t2) 


It 

= 

— 

h 

e 

= 

a 

+ 

'» 

or 

a 

+ 

*l 
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Both  a  and  8  are  next  computed  numerically  from  the  data.  8  is 
best  found  from  the  smaller  value  of  t\,  for  the  reason  that  it  influences 
the  result  most  largely  through  its  subsequent  combination  with  values 
near  that  one. 

The  gain  of  temperature  by  exchange,  then,  in  any  short  interval 
of  time  A  during  which  the  temperature  is  t  will  he.  a  (6  —  /)  a.  The 
rate  of  gain  of  temperature  is  a  (8 —  t),  or  a  8 —  at,  so  that,  as  8  is  con- 
stant, r  varies  directly  as  t.  Hence  the  average  rate  will  be  propor- 
tional to  the  average  value  of  t,  that  is,  to  T,  and  will  be  a  8  —  a  T, 
or  a  (8  —  T).  The  total  gain  will,  therefore,  be  this  quantity  multi- 
plied by  the  duration  (;«2  —  mx)  of  this  average  rate,  or  a  (8  —  T) 
(m2  —  «j),  and  the  exchange  (or  "cooling")  correction  will  be  this 
with  reversed  sign,  viz.,  —  a  (8  —  T)  (w2  —  mx),  or 

a  (T —  8  diq  —  7«x). 

The  corrected  rise  of  temperature  of  the  calorimeter  will  then  be 

A>  —  4>  +  a  (T  —  e)   (wo  ~  mo)- 

Obviously  (T — 8)  (;«2  —  m^)  is  the  area  HCOFH  minus  the 
area  BGHB.  This  difference,  A  (in  proper  units),  may,  therefore,  be 
measured  on  a  plot  by  the  planimeter  or  otherwise,  and  the  corrected 
temperature  rise  will  then  be    /2  —  t\  -\-aA. 

Critique  of  the  Methods.  —  Three  assumptions  beyond  that 
of  Newton's  law  of  cooling  are  involved  in  the  employment  of  these 
methods,  unless  otherwise  provided  for  in  the  computations  into  which 
the  corrected  rise  of  temperature  is  introduced  :  First,  that  the  ther- 
mometer indicates  the  surface  temperature  of  the  calorimeter.  Sec- 
ond, that  the  temperature  distribution  throughout  the  entire  contents 
of  the  calorimeter  is  uniform  both  when  r\  and  r2  are  taken,  so  that 
these  are  really  rates  of  exchange  with  surroundings,  and  not  result- 
ants in  which  the  desired  rate  is  more  or  less  modified  by  redistribu- 
tion within  the  calorimeter.  Third,  that  the  heat  capacity  of  calorime- 
ter and  contents  is  the  same  both  when  rx  and  r2  are  taken. 

Proper  location  of  thermometer,  efficient  stirring,  and  the  preven- 
tion of  direct  contact  with  the  calorimeter  of  any  hot  or  cold  object 
within  it  readily  insure  the  fulfillment  of  the  first  with  sufficient 
closeness. 

Wherever  the  temperature  of  the  calorimeter  is  varying,  uniform 
distribution  of  temperature  throughout  its  contents  is  obviously  im- 
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possible  if  these  are  heterogeneous,  especially  where  there  is  a  large 
metallic  mass  surrounded  by  the  water,  as  the  bomb  in  the  Berthelot 
or  Mahler  combustion  apparatus.  Such  objects  will  necessarily  lag 
more  or  less  behind  the  water  as  the  temperature  of  the  latter  falls  or 
rises  by  external  exchange.  The  effect  of  this  is  to  falsify  the  appar- 
ent rate  rx  or  rv  and  still  further  to  vitiate  the  results  through  the 
usual  assumption  that  all  parts  are  at  the  same  temperature.  A  form 
of  cooling  correction  taking  this  into  account,  and  applying  to  a  cer- 
tain class  of  cases,  has  been  described  by  Professor  Rowland ;  but  the 
only  method  which  could  entirely  eliminate  the  error  would  be  to  ar- 
range the  calorimetric  process  so  that  the  rate  of  exchange  should  be 
sensibly  zero  or  constant  during  the  entire  measurement.  This  means 
that  the  jacket  temperature  must  be  so  controlled  as  to  be  always  at 
the  temperature  of  the  calorimeter,  or  at  a  constant  difference  from 
it.  While  this  at  first  sight  appears  wholly  impracticable,  and  is  so  for 
most  cases,  I  am  disposed  to  think  that  it  might  be  feasible  and  help- 
ful in  certain  investigations,  such  as  the  study  of  the  specific  heat  of 
water  and  the  mechanical  equivalent  of  heat,  using  electrical  methods 
of  heating,  combined  with  thermoelectric  means  of  detecting  and  con- 
trolling the  temperature  difference  between  the  calorimeter  and  jacket. 
The  "  modified  method  "  described  above  deals  with  this  error  in 
another  way.  It  makes  the  final  rate  r2  as  nearly  as  possible  zero,  and 
hence  secures  the  greatest  possible  constancy  of  temperature  during 
the  portion  C  D  E  of  the  curve  when  the  rate  is  about  r2.  The  advan- 
tages gained  are  as  follows  :  The  apparent  rate  r2  is  sensibly  the  true 
rate,  since  it  will  in  general  be  much  less  than  the  rate  of  redistribu- 
tion of  heat  amongst  the  contents  of  the  calorimeter.  This  is  of  vital 
importance  to  freedom  from  constant  or  systematic  error,  because  the 
duration  of  the  rate  r2  is  inevitably  greater,  often  much  greater,  than 
of  any  other  rate.  If,  as  in  the  usual  process,  therefore,  it  is  a  large 
(often  the  largest)  and  the  least  accurately  known  rate,  it  is  obviously 
productive  of  the  most  serious  part  of  the  error  of  the  cooling  correc- 
tion. The  Modified  Method  does  not  increase  the  lapse  of  time  pre- 
ceding the  arrival  of  the  final  steady  condition  D,  which  must  in  all 
methods  directly  or  indirectly  be  the  basis  from  which  to  deduce  t2. 
On  the  other  hand,  it  does  increase  the  percentage  reliability  of  r2, 
and  by  reducing  its  amount  also  diminishes  the  total  amount  of  the 
correction,  thus  in  a  twofold  way  improving  the  result.  The  gain  for 
operations  of   such  a  nature   that  the  duration  of  CD  is  several  or 
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many  times  that  of  B  C  is  large,  being  approximately  in  proportion 
to  those  durations.  Into  that  category  would  fall  many  of  the  ordi- 
nary calorimetric  processes,  all  those  resembling  the  measurement  of 
specific  heats  of  liquids  which  cannot  be  mixed  with  that  of  the  calo- 
rimeter, the  use  of  the  bomb  for  heats  of  combustion,  and  almost  all 
processes  involving  the  presence  of  considerable  metallic  or  glass  ap- 
paratus within  the  calorimeter.  The  method  is  of  much  less  advan- 
tage where  the  duration  of  CD  is  brief. 

In  certain  cases  there  is  a  slight  offsetting  increase  of  error  in  rv 
namely,  when  the  contents  are  heterogeneous  when  both  rx  and  r2  are 
taken.  This  occurs  in  the  case  of  the  bomb,  but  not  that  of  the 
specific  heats  of  liquids  or  solids.  For  then  rx  is  a  larger  rate,  and  is 
inaccurate  from  the  cause  under  consideration.  Inasmuch,  however, 
as  this  rate  has  during  the  operation  B  C  only  a  relatively  short  exist- 
ence, and  as  its  error  as  affecting  the  value  of  a  is  divided  by  (/2  —  tx), 
the  error  introduced  by  it  is  small. 

It  should  be  noted  that  if  the  calorimeter  is  used  as  a  secondary 
apparatus,  not  as  a  primary  or  absolute  one,  the  systematic  part  of 
many  of  the  errors  is  further  reduced.  Thus,  for  instance,  in  using 
the  bomb  the  heat  capacity  of  bomb,  calorimeter,  and  entire  contents 
may  best  be  ascertained  by  burning  in  it  a  known  mass  of  some  pure 
substance  of  well-determined  heat  of  combustion  (e.g.,  naphthalin),  and 
computing  backward  from  that  heat  to  find  the  total  capacity.  This 
makes  the  apparatus  a  secondary  one,  dependent  upon  the  assumed 
heat  of  combustion ;  but  the  result  is  much  more  reliable  than  the 
capacity  computed  from  the  assumed  or  measured  specific  heats  and 
the  masses  of  the  component  parts,  or  measured  by  the  addition  of 
warm  water  in  the  well-known  manner. 

Departure  from  the  third  assumption  above  named  cannot  be  dis- 
cussed in  detail,  since  the  effect  varies  widely  with  the  change  of  vol- 
ume and  exposed  surface  as  well  as  of  heat  capacity  of  the  contents 
of  the  calorimeter  in  each  case.  Whether  the  change  of  capacity  is 
sufficient  to  demand  allowance  can  be  usually  determined  by  inspec- 
tion of  the  case,  and  a  special  method  of  treatment  provided.  The 
usual  effect  is  to  make  the  apparent  value  of  r2  smaller  relatively  to  rx 
than  would  correspond  to  Newton's  law. 

Rogers  Laboratory  of  Physics, 
Massachusetts  Institute  of  Technology, 
Boston,  May,  j8gj. 
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THERMO-ELECTRIC  INTERPOLATION  FORMULAE} 

By  SILAS  W.  HOLMAN,  S.B. 

In  this  paper  are  collected  the  several  well-known  types  of  formulae 
for  expressing  the  thermal  electro-motive  force  of  a  couple  as  a  func- 
tion of  the  temperature  of  its  junctions.  Two  new  formulae  are  also 
proposed.  All  then  are  tested  against  the  most  reliable,  experimental 
data  upon  the  subject,  and  their  relative  merits  discussed. 

The   Existing   Formulae. 

Consider  a  simple  closed  electric  circuit  composed  of  two  different 
metals,  each  homogeneous  in  matter  and  temper,  the  metals  being  in 
contact  at  two  points.  For  simplicity  assume  the  metals  to  be  in  the 
form  of  wires  joined  at  their  ends.  Let  one  junction  be  at  a  tempera- 
ture of  k°,  the  other  of  c°  on  the  ordinary  centigrade  scale.  Let  1hce 
be  employed  as  a  suggestive  symbol  to  denote  the  resultant  electro- 
motive force  in  the  circuit,  induction  being  excluded  from  considera- 
tion. Then  E*t  is  a  function  of  h  and  c  which  involves  constants 
dependent  upon  the  nature  of  the  metals,  and  which  may  be  repre- 
sented by 

SV  =/(/,,  c). 

The  discovery  of  the  natural  expression  for  f(h,c)  is  not  only  of 
scientific  importance,  but  is  urgently  needed  in  the  development  of  the 
art  of  pyrometry.  At  present  even  a  satisfactory  empirical  formula 
for  interpolation  is  lacking,  the  best  still  being  probably  that  of  Aven- 
arius  and  Tait. 

The  existing  formulae  are  the  five  following  : 

Ordinary  or  parabolic. 

1'oe  =  at  -f-  bP  +  cfi  + I. 

This  is,  of  course,  merely  a  series  in  ascending  powers  of  I,  where 
one  junction  is  at  any  temperature  t°  C,  and  the  other  at  o°  C,  a,  b, 


1  Presented  to  the  American  Academy  of  Arts  and  Sciences,  November  13,  1895. 
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and  c  being  constants.     A  more  general  form  for  the  case  where  the 
cold  junction  is  at  any  constant  temperature  tx°  is 

Vte  =  a(t-tx)    +  b  (fl  -  tf)  -J-  c  (fi  -  ti)  +  .     .     . 

These  expressions  may,  of  course,  be  inverted,  giving  /  as  a  function 
of  S*. 

Avenarius. 

2/V  =  (Ji  —  c)  \a  +  b  (h  +  c)  ) 2. 

in  accordance  with  the  foregoing  notation. 
Thomson. 

V<*  =  a(Tk~  T.)    \  t„  ~  T-^£  |    ....     3, 

where  r  is  the  absolute  temperature,  tk  being  that  of  the  "  neutral 
point." 
Tait. 


2*/  =  (k>  -  k)  (Th  -  rc)    j  rm  -  TA±I±  I 

(  2  ) 


4- 


Both  of  the  last  two  reduce  to  the  Avenarius  form  by  the  substitu- 
tion of  /  +  273  for  t. 

Barns. 

eh  + ec=  iop  +  <2h  +  iop'  +  Q'c     ....     s, 

where  eh  represents  the  thermal  emf.  of  the  hot  junction,  and  *  that 
of  the  cold  junction.  In  view,  however,  of  the  existence  of  the 
Thomson  effect,  these  symbols  can  strictly  be  interpreted  only  as 
having  the  meaning  that  ch  —  et  =  ~2Ace. 

Note. — With  regard  to  the  Avenarius,  Thomson,  and  Tait  ex- 
pressions, it  may  be  remarked  that  they  are  not  only  mutually  equiva- 
lent, but  that  if  tc  or  t  becomes  o°  C.  they  reduce  at  once  to  the 
ordinary  parabolic  form  of  two  terms,  2j  =  at  +  bfi. 

They  are  all,  therefore,  forms  which  must  apply  if  the  latter  purely 
empirical  expression  for  the  same  temperature  ranges  applies,  and 
with  the  same  closeness,  so  that  it  is  unnecessary  to  test  more  than 
one  of  the  first  four  expressions  against  any  one  set  of  data.  Also 
the  fact  that  the  Avenarius  and  Tait  equations  approximately  con- 
form to  the  observed  data  does  not  necessarily  in  any  material  degree 
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strengthen  the  hypotheses  which  are  adduced  to  show  that  these  equa- 
tions are  a  natural  expression  of  the  law. 

Without  attempting  here  a  further  analysis  of  the  components 
making  up  the  resultant  emf.,  Y.hcc,  which  is  the  measured  emf.  of  the 
thermo-couple,  the  proposed  interpolation  formulae  will  be  merely 
developed  and  applied.  It  may,  however,  be  suggested  in  passing 
that  there  seems  to  the  writer  to  be  little  hope  of  arriving  at  a  close 
approximation  to  the  natural  law  except  through  an  expression  which 
shall  contain  separate  terms  representing  the  temperature  function  of 
the  component  arising  at  the  contact  of  the  dissimilar  metals  and  that 
arising  from  the  inequality  of  temperature  of  the  ends  of  each  (homo- 
geneous) element  (Thomson  emf.).  The  parabolic  and  Avenarius  for- 
mulae would  comply  in  part  with  this  requirement,  on  the  supposition 
that  the  emf.  at  contact  varied  as  the  first  power,  and  the  Thomson 
emf.  in  both  wires  as  the  square  of  the  temperature.  And  looked  at 
from  that  point  of  view  the  neutral  point  would  seem  to  have  an 
explanation  materially  different  from  that  usually  accorded  to  it. 

The  Proposed  Formulae. 

Exponential  Equation.  —  The  significance  of  this  proposed  expres- 
sion may  be  thus  stated :  Suppose  the  cold  junction  of  the  couple  be 
maintained  at  the  absolute  zero  of  temperature,  t  =  o°,  and  its  emf. 
to  be  consequently  zero.  Let  the  other  (hot)  junction  be  at  any  tem- 
perature t\  absolute.  The  proposed  equation  is  based  on  the  assump- 
tion that  the  total  emf.  of  the  couple  would  then  be  representable  by 


where  m  and  »  are  numerical  constants.  If  then  the  cold  junction 
were  raised  to  any  temperature  tc  there  would  be  introduced  an  oppos- 
ing emf.  e,  which  would  be  expressible  by 

e"  =  m  t"c. 

The  resultant  emf.,  1hce,  would  then  be  e'  —  e",  and  therefore  expres- 
sible by 

Y*e  =  m  r".  —  wt" 6. 

If  in  any  instance,  as  is  frequently  the  case  in  measurements,  the 
temperature  of  the  cold  junction  is  maintained  constant  while  that  of 
the  hot  junction  varies,  then  m  t.  becomes  a  constant,  and  it  will  be 
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convenient  to  denote  this  constant  by  /3  when  t  =  273°  abs.  =  o°  C. 
So  that  for  this  special  case,  where  the  cold  junction  is  at  o°  C,  and 
the  hot  junction  at  f  C,  we  have 

2^  sa  mf  —  /3 7. 

This  expression  is  not  advanced  as  a  possible  natural  form  of  the 
function  f(/i,  c).  It  is  essentially  empirical ;  is  not  designed  to  ac- 
count separately  for  the  several  distinct  components  entering  into  ?Le, 
and  the  fact  that  it  closely  fits  the  experimental  data  arises  chiefly 
from  the  well-known  adaptability  of  the  exponential  equation  to  rep- 
resent limited  portions  of  curved  lines.  The  equation  also  leads  to 
certain  inferences  which  appear  inconsistent  with  the  known  thermo- 
electric laws,  and  fails  to  explain  some  known  phenomena. 

The  evaluation  of  the  constants  m,  n,  and  /3,  is,  unfortunately,  at- 
tended by  considerable  labor.  No  application  of  the  method  of  least 
squares  readily  presents  itself,  but  by  a  method  of  successive  approxi- 
mations the  values  can  be  obtained  with  any  desired  degree  of  exact- 
itude. Only  two  measured  pairs  of  values  of  1'^e  and  t  are  necessary 
for  this  approximation  method,  the  third  required  pair  being  furnished 
by  2°?  ==  o  and  /  =  o  ;  although,  of  course,  by  the  employment  of 
three  pairs  of  values  well  distributed  in  the  data  a  more  closely  fitting 
equation  might  frequently  be  obtained.  The  calibration  of  a  thermo- 
couple for  pyrometric  work  can  thus  be  affected  by  the  employment  of 
but  two  known  temperatures  ;  and  this,  on  account  of  the  uncertainty 
of  our  knowledge  of  high  melting  points,  is  of  importance  in  high 
temperature  work. 

Let  to  =  o°  C,  t'  and  /"  be  the  selected  observed  temperatures 
from  which  to  compute  the  constants,  so  that  to  =  273°,  ¥  =  r  + 
2730,  t"  =  t"  +  273°  abs.  And  let  2/  as  o,  2'V,  1'"0c  be  the  corre- 
sponding observed  emfs.  of  the  couple.  Then  by  substituting  these 
in  equation  7,  and  combining  the  three  expressions  or  their  loga- 
rithms, we  easily  deduce 

V'e  . 

/8a= 


;')" 


_  log  (g#  +  /3)  -  log  (gV  +  p)  _ 

n~  '  log  t"  —  log  t' 

_   V'  +  *     or      S>*  +  *       ....    10. 
*»  —        (T")»  (T')» 
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By  means  of  these  the  numerical  values  of  the  constants  may  be 
calculated  from  those  of  t',  t",  2*V,  etc.,  as  follows : 

1.  Assume  as  a  first  approximation  some  value  of  «,  say  is!, 
unless  some  better  approximation  is  in  some  way  suggested.  Substi- 
tuting this  value  in  (8),  compute  the  corresponding  value  of  /3. 

2.  Using  this  as  a  first  approximation,  substitute  it  in  (9),  and 
compute  the  corresponding  value  of  n. 

3.  Using  this  value  as  a  second  approximation  to  n,  insert  it  in 
(8)  and  compute  a  second  approximation  to  /3. 

4.  With  this  compute  a  third  approximation  to  n,  and  so  continue 
until  consistent  values  of  &  and  n  are  found  to  the  desired  number  of 
figures.     Then  compute  m  by  (10). 

The  rate  of  convergence  is  not  rapid,  but  after  one  or  two  approxi- 
mations have  been  made  an  inspection  of  the  rate  will  enable  the 
computer  to  estimate  values  of  «  which  will  be  nearer  than  the  preced- 
ing approximation,  and  thus  hasten  the  computation. 

Where  an  equation  is  to  be  computed  to  best  represent  a  progress- 
ive series  of  observed  values  of  /  and  1e,  this  method  is,  of  course, 
open  to  some  objections,  since  it  incorporates  in  the  constants  the 
accidental  errors  of  the  selected  observations  from  which  the  constants 
are  deduced.  This  difficulty  can  be  sufficiently  overcome  by  comput- 
ing residuals  between  the  equation  and  the  data,  and  amending  the 
equation,  if  necessary,  to  give  them  a  better  distribution. 

Logarithmic  Formula.  —  A  very  simple  expression  for  interpola- 
tion is  of  the  general  form  ZJ*  ==  mt"  where  m  and  «  are  constants. 
This  serves  fairly  well  for  a  short  range  /"  —  /',  when  /'  —  0°  is  not 
less  than  one  third  of  /"  —  /'. 

The  convenience  of  the  expression  arises  from  two  facts.  First, 
that  its  two  constants  are  very  easily  evaluated  either  by  computation 
or  graphically  from    the    logarithmic    expression   (whence  the  name), 

log  V,c  =  n  log  /  -4-  log  m. 

Second,  that  its  logarithmic  plot  is  a  straight  line,  since  this  expression 
is  the  equation  to  a  straight  line  if  we  regard  log  S^  and  log  /  as  the 
variables.  If,  therefore,  a  series  of  values  of  1e  and  t  are  known  for 
a  given  couple,  points  obtained  by  plotting  log  /  as  abscissas  and  log 
1e  as  ordinates  should  lie  along  a  straight  line.  Thus  a  couple  may 
be  completely  "calibrated"  for  all  temperatures  by  measuring  1e  and 
t  for  any  two  values  of  t  (suitably  disposed).     The  constants  tn  and  n 
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may  be  computed,  or  a  plot  of  log  1e  and  log  t  may  be  made,  and 
a  straight  line  be  drawn  through  them.  Graphical  interpolation  on 
this  line  will  then,  of  course,  yield  the  values  of  log  /,  and  hence  of  t, 
corresponding  to  observed  values  of  1e,  and  vice  versa,  and,  if  desired, 
the  constants  m  and  n.  The  expression  for  t  as  a  function  of  ~2.e  is,  of 
course, 

/  1'e  \  i 
/  =  m'  (2V)'< ,  or  t  =    ' 


The  formula  is  well  adapted  to  pyrometric  work  not  of  the  very  high- 
est grade  of  accuracy,  and  has  been  advantageously  employed  in  con- 
nection with  the  LeChatelier  thermo-electric  pyrometer.1 

Test  of  Formul/E. 

This  will  be  made  by  applying  the  several  formulae  to  the  experi- 
mental data  of  Barus,  Holborn  and  Wien,  Chassagny  and  Abraham, 
and  Noll.  These  investigators  employed  modern  methods  of  ther- 
mometry and  of  electrical  measurement.  Temperatures  are  either 
made  in  or  reduced  to  the  scale  of  the  hydrogen  (C.  and  A.),  or  of 
the  air  thermometer  (B.,  H.  and  W.,  N.)  Constants  for  the  formula; 
will  be  deduced  and  the  residuals  or  deviations  of  the  data  from  the 
equations  {i.e.,  8  =  data  —  equation)  will  be  computed  for  the  observed 
points.     For  discussion  these  deviations  will  be  expressed  in  percent- 

ages,  viz.,  ioo  — ,  rather  than  in  microvolts  or  degrees.  This  is  prefer- 
able because  the  process  of  measurement  of  the  emf.,  and  to  some 
extent,  at  least,  of  the  temperature,  is  such  as  to  yield  results  of  a 
nearly  constant  fractional  or  percentage  precision  at  all  temperatures 
rather  than  of  a  constant  number  of  microvolts  or  degrees.  Thus  by 
comparing  percentages  we  eliminate  a  complication  arising  otherwise 
from  the  increasing  value  of  8  as  t  increases.  Incidentally  there  are 
also  other  well  recognized  advantages  frequently  attending  the  com- 
parison of  percentages  rather  than  of  absolute  quantities. 

I.  The  Barus  Data.  —  Taking  the  data  in  the  order  of  priority, 
those  of  Barus  will  be  first  employed.  The  measurements  to  be  used 
consist  of  very  elaborate  and  painstaking  direct  comparisons  of  sev- 
eral 20  per  cent,  irido-platinum  thermo-couples,  with  several  porcelain- 
bulb  air  thermometers,  used  under  the  constant  pressure  method. 


1  Holman,  Pyrometry :  Calibration  of  the  LeChatelier  Thermo-electric  Pyrometer,  Tech- 
nology Quarterly,  1895. 
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Quotations  of,  or  rather  interpolations  in,  his  original  data1  are 
given  by  Barus z  later  as  a  basis  from  which  to  deduce  constants  for 
his  proposed  equation    (vide  ante)  : 

e-\-  co  =  iop  +  <2A  +  iry" +  <?'*. 

Barus'  numerical  values  for  the  constants  are 

*    =  45  680  microvolts. 

P  =4.6515  Q  —  I.I06-IO-4 

P'  =  2.849  '     Q'  =  —  3.01  10-3 

These  constitute  his  equation  3,  for  which  e  corresponds  to  200  C. 
The  data  and  the  deviations  which  I  have  computed  for  it,  viz.,  &  = 
data  —  equation,  are  given  in  Table  I.    The  last  column  gives  the  devia- 

8 

tions  expressed  in  percentages,  viz.,    100  -p  where  E  =  e-\- e0-\-  1880. 

This  value  of  E  is  adopted  to  make  the  percentages  comparable  with 
those  in  subsequent  discussions.  The  number  1880  is  1730  +  150, 
which  are  the  values  of  eo  and  £"/  of  the  next  two  pages. 

TABLE   I. 
Barus'  American  Journal  of  Science  Data. 


fi 

r  -f-  tQ  observed. 
mv. 

*  +  €0  computed  from 
equation  3. 

mv. 

i 

mv. 

i 

,00- 

per  cent. 

o°c. 

—  150 

.... 

.... 

.... 

100 

680 

653 

+  27 

+  1.11 

200 

1,650 

1,657 

—   7 

—0.20 

3:)0 

2,760 

2,788 

—  28 

—  0.60 

400 

3,950 

3,994 

—  44 

—  0.80 

600 

6,560 

6,551 

+   9 

+  0.11 

800 

9,310 

9,273 

+  37 

+  0.34 

1,000 

12,200 

12,140 

+  60 

+  0.43 

■Barus,  C,  United  States  Geological  Survey  Bulletin,  54,  1889:   Philosophical  Maga- 
zine, xxxiv,  1  (1892). 

2  Karus,  C,  American  Journal  of  Science,  xlviii,  332  (1894).     See  also  xlvii,  366  (1894). 
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The  lines  A  B  and  CD  on  the  plot,  Figure  1,  constructed  with  per- 
centage deviations  as  ordinates  and  temperatures  as  abscissas,  show 
clearly  that  the  deviations  are  systematic.  Upon  inspection  of  this 
plot  it  appears  that  the  data  may  be  separated  into  two  groups,  one 
including  o°-3000,  the  other  400°-i,ooo°,  which  appear  to  have  en- 
tirely distinct  forms  of  systematic  error.  This  division  corresponds 
to  two  distinct  groups  of  data,  one  extending  from  o°  to  3000,  the 
other  including  the  second  group,  and  extending  from  3500  to  1,075°. 
The  latter  were  given  in  the  Bulletin  as  the  final  results  of  the  high 
temperature  comparisons  of  the.irido-platinum  couple  with  porcelain- 
bulb  air  thermometers.  The  detailed  statement  of  the  o°  to  300° 
comparison  I  have  not  seen.  Although  the  discrepancy  between  the 
two  sets  of  systematic  deviations  is  not  extremely  large,  yet  it  has 
seemed  to  me  that  it  was  beyond  the  limits  of  concordance  in  the 
higher  temperature  work,  and  that  it  would  be  better  for  the  present 
purpose  to  deal  solely  with  the  330°  to  1,075°  data.  Two  points 
regarding  Barus'  work  should  be  noticed  :  one,  the  strikingly  high 
degree  of  concordance  between  individual  observations  even  with 
different  thermometer  bulbs  and  different  thermo-couples ;  the  other, 
the  remark  in  which  Barus  notes  a  possibility  of  being  able  to  still 
further  reduce  the  "stem  error"  entering  into  the  result,  which,  so 
far  as  I  am  aware,  has  not  yet  been  done. 

The  high  temperature  air  thermometer  comparisons  (Bulletin,  Se- 
ries I,  II,  III,  IV,  and  V)  of  Barus  are  so  numerous  (108)  and  so  dis- 
tributed that  the  labor  of  utilizing  them  simply  for  deducing  constants 
and  testing  an  equation  would  be  excessive.  Also,  they  are  too  con- 
cordant to  permit  interpolation  on  a  direct  plot  without  a  sacrifice  of 
some  of  their  precision.  For  the  purposes  of  discussion,  therefore, 
I  averaged  them  in  nine  groups  :  The  first  group  contained  all  where 
the  emf.  lay  between  3,000  and  4,000  microvolts  ;  the  second  group 
between  4,000  and  5,000  microvolts,  and  so  on  by  steps  of  1,000 
microvolts,  except  that  the  seventh  group  covered  2,000  microvolts, 
from  9,000  to  11,000.  These  groups  were  not  exactly  equal  in  num- 
ber of  observations,  and  therefore  in  weight,  nor  is  the  arithmetical 
average  a  strictly  legitimate  value  where  the  function  is  not  linear ; 
but,  as  easily  seen  by  inspection  of  the  originals,  the  errors  thus  in- 
troduced are  negligible.  In  Table  II,  Columns  1  and  2  give  the  direct 
values  of  the  averages.  Column  3  reduces  SV  to  1lae  by  adding 
150  microvolts,  the  value  of  2V  being  elsewhere  given  by  Barus  as 
—  150  microvolts. 
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TABLE   II. 
Barus'  Air  Thermometer  Comparisons.    Series  I-V. 


AVHN 

VRIUS. 

Exponential. 

Logarithmic. 

e 

m 

K' 

i  =  data  — 
equation. 

Per  cent. 
6 

—  too 

e 

6  =  data- 
equation. 

•Per  cent. 
i 

~   IOO   

e 

(J  =data  — 
equation. 

Per  cent. 
i 

S  IOO  — 

e 

mv. 

mv. 

mv. 

mv. 

mv. 

o°.c. 

(-150) 

0 

0 

0. 

+   23 

+  1.3 

.... 

378.5 

3  679 

3  829 

—   84 

—  4.0 

—  66 

—1.2 

—  33 

—  0.60 

440.3 

4  508 

4  658 

+    18 

+  028 

+    18 

+  0  28 

+  30 

+   -47 

522.0 

5  486 

5636 

—     4 

—  0.07 

—   25 

—  034 

—  36 

—   .50 

588.4 

6404 

6  554 

+    70 

+  11 

+   33 

+  0.40 

+   9 

+   .12 

672.1 

7550 

7  700 

+  110 

+  1.5 

+   60 

+  0.64 

+  26 

+    .28 

745.6 

8530 

8680 

+   82 

+  0.92 

+    26 

+  0.25 

—  9 

—   .10 

840.1 

9898 

10048 

+  101 

+  1.0 

+    49 

+  0.41 

+  26 

+   .22 

946.6 

11396 

11546 

+     9 

+  0.07 

—   19 

—  0.14 

—  13 

—   .10 

1 019.7 

12  475 
:  percenU 

12  626 
ge  deviat 

—   45 
ions   .    . 

—  0.32 

—  45 

—  0.32 

—  10 

—   .07 

Averagi 

0.93 

0.53 

0.27 

The  Avenarius  equation  applied  to  these  data  yields 
1'/  =  9.104/  +  3.249- io~3 11.  [Microvolts.  Range,  3500  to  i,07S°C] 
Computing  from  this  equation  values  of  1'/  for  the  successive  values 
of  /  in  Column  1,  and  subtracting  them  from  the  data  in  Column  3, 
gives  the  deviations  between  data  and  equation.  These  are  expressed 
in  microvolts  in  Column  4,  and  in  percentages  in  Column  5,  the  per- 
centage being  reckoned  in  terms  of  et  as  deduced  by  the  exponential 
formula.  Objections  may  be  felt  to  this  use  of  et  (here,  as  throughout 
the  subsequent  tables)  as  a  basis,  since  et  involves  ea,  which  is  an  ex- 
trapolated value,  certainly  not  exact,  and  possibly  wide  of  the  truth. 
Such  a  criticism  is  valid,  but  inasmuch  as  the  values  of  eo  employed 
are  nearly  equal,  and  as  the  percentage  deviations  are  used  merely  for 
purposes  of  expressing  relative  accuracy,  the  possible  error  involved  is 
nearly  annulled.  Hence,  although  it  would  be  better  to  compute  Bt, 
and  express  this  as  a  percentage  of  the  absolute  temperatue  t,  the 
added  labor  did  not  seem  justified  by  the  small  gain. 
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The  exponential  equation  applied  to  the  Barus  data  yields 
2^?  =  0.769  it'3"  —  l,?3Q, 
or  [Microvolts.     Range  of  data,  3500  to  1,075°  C.] 

eT  =  0.769  it'373,  and  /3  =  1,750 mv. 

Note.  — This  equation  was  deduced  with  the  value  o°C.  =  273°.  7  absolute,  whereas  in 
all  subsequent  tables  o°C.  =  273°.o  absolute  is  employed  as  a  more  probable  value.  The 
numerical  values  of  the  constants  are,  therefore,  subject  to  a  slight  modification,  but  as  for 
the  present  purpose  we  are  concerned  only  with  S,  which  would  not  be  sensibly  changed,  the 
recomputation  is  not  worth  while. 

Columns  6  and  7,  Table  II,  give  8  and  its  percentage  value  for  the 
exponential  equation. 

The  Barns  equation.  —  The  excessive  labor  involved  in  the  evalu- 
ation of  the  constants  P,  Q,  P',  and  Q'  of  Barus'  proposed  equation 
detracts  so  seriously  from  its  usefulness  that  I  have  also  allowed  it  to 
deter  me  from  computing  them  for  the  above  tabulated  values.  The 
comparison  of  the  values  of  8  for  his  equation  3  and  for  an  approxi- 
mate exponential  of  my  own  based  on  the  same  data  is,  however,  de- 
cidedly in  favor  of  the  latter. 

The  logarithmic  equation  applied  to  the  Barus  data  yields 

"S.'ee  =  2.665  tlMat  or  its  equivalent, 
log  SV  —  1.220  log/  +  0.42570. 

The  deviations  are  given  in  the  last  two  columns  of  Table  II. 

II.  Holborn  and  Wien  data. — This  important  comparison1  of  the 
rhodo-platinum  thermo-couple  with  the  porcelain-bulb  air  thermometer 
up  to  high  temperatures  was  performed  under  the  auspices  of  the 
Reichsanstalt  at  Berlin,  and  appears  to  be,  on  the  whole,  the  most  im- 
portant and  reliable  contribution  to  this  subject  in  recent  years.  The 
experimental  work  was  evidently  conducted  with  great  care,  and  al- 
though not  showing  the  concordance  of  results,  nor  the  multiplication 
of  observations  of  Barus'  work,  yet  in  respect  to  stem-exposure  cor- 
rection, to  the  exposure  of  the  thermal  junction,  and  to  direct  meas- 
urement of  the  coefficient  of  expansion  of  the  bulb,  it  is  probably 
more  free  from  systematic  error.  It  is  to  be  regretted  that  the  re- 
sults, were  not  more  thoroughly  discussed,  and  that  neither  a  chem- 
ical analysis  nor  even  a  statement  was  given  to  indicate  the  reliability 


1  Holborn  and  Wien,  Zeit.  f.  Instk.,  xii,  257,  296  (1892).    Also  in  full  in  Wied.  Ann.,  xlvii, 
107  (1892). 
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of  the  stated  percentage  composition  of  the  various  alloys  used.  For 
when  closely  examined  the  data  seem  to  indicate  a  determinate  relation 
between  the  composition  and  the  emf.,  as  was  shown  by  a  relation  dis- 
covered between  the  constants  in  my  exponential  equations  for  the 
various  alloys.  The  deviations  were  only  such  as  might  be  attributed 
to  uncertainty  of  composition,  but  as  no  measure  of  the  latter  was 
given  a  statement  of  the  relations  and  interesting  inferences  from 
them  is  not  warranted.  It  is  also  unfortunate  that  an  analysis,  or  at 
least  a  definite  statement  of  the  percentage  purity,  was  not  given  for 
the  gold,  copper,  and  silver,  whose  melting  points  were  observed.  The 
assertion  that  the  gold  showed  on  qualitative  analysis  only  a  trace 
("spur")  of  copper,  and  the  silver  a  trace  of  iron,  is  hardly  definite. 
The  value  of  the  whole  work  would  have  been  enhanced  by  these  addi- 
tions far  more  than  in  proportion  to  the  comparatively  small  labor  de- 
manded by  them,  and  such  completeness  is  naturally  to  be  counted 
upon  in  work  emanating  from  the  source  of  this.  It  is  to  be  hoped 
that  a  continuation  of  this  research  is  in  progress,  and  that  additional 
high  melting  points  may  be  measured. 

Table  III,  Columns  1  and  2,  quotes  the  interpolated  mean  values  of 
several  comparisons  expressed  in  "international"  microvolts  and  de- 
grees centigrade.  With  regard  to  these  data  it  should  be  stated  that 
below  about  400°  they  were  not  supposed  to  be  of  as  high  accuracy  as 
above  that  point.  Also,  that,  owing  to  unavoidable  circumstances,  the 
data  below  300°  were  obtained  with  only  a  single  air-thermometer  bulb, 
and  similarly  those  above  about  1,300°  with  one  bulb  only,  but  a  differ- 
ent one,  while  the  data  intermediate  between  400°  and  1,300°  are  the 
mean  of  observations  with  the  two  bulbs.  This  fact  may  partially 
account  for  the  erratic  character  of  the  residuals  above  1,300°,  where 
the  deviations  are  so  great  and  so  distributed  (see  plot)  as  to  render 
these  observations  of  very  little  service.  Direct  comparison  with 
the  air  thermometer  was  made  with  one  10  per  cent,  rhodo-platinum 
couple  A  only. 

The  parabolic  formula  applied  to  these  by  Holborn  and  Wien, 
when  corrected  as  to  decimal  points,1  is 

/  =  I.376-IO-1  (2Jr)  -  4-841 -io"6  {V/f  +  i.378-io-10  (S^)3. 

[Range,  —  80°  C.  to  +  1,445°  G] 
The  residuals  are  given  in  Table  III,  Columns  3  and  4. 


'  The  equation  at  both  references,  and  stated  to  be  in  microvolts  and  degrees,  is  errone- 
ously printed  as/  =  /{<■)  =  13. 76*  —  0.004841^  +  O.O0O0O137S t1. 
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The  Avenarius  formula  applied  to  the  Holborn  and  Wien  data, 
with  constants  deduced  from  /  as  5840  and  1,273°,  becomes 

Xe  =  (t  —  0  {7-2188  +  0.00  22994  (7  +  /,)}, 

or,  [Range,  o°  to  1,445°  C] 

=  7.2188  t  -f-  2. 2994 •  1  o-3  fi. 

The  deviations  in  microvolts  and  percentages  from  this  equation  are 
given  in  Columns  5  and  6,  Table  III. 

The  exponential  equation  fitting  these  data  most  closely,  and  co- 
inciding with  them  at  nearly  the  same  points  as  the  others,  viz.,  at 
about  584°  and  1,250°,  is 

Vf  —  0.57  674T'*"  —  1  310, 
or,  [Range,  o°  to  1,445°  C] 

e  =  °-S7  674  t'^  £=1310. 

The  deviations  in  microvolts  and  percentages  are  in  Columns  7  and 
8,  Table  III. 

The  logarithmic  equation  applied  to  the  Holborn  and  Wien  data 
yields 

1'oc  =  2.i682/'-2,56, 
or, 

log  Ue  =  1.2 1 56  log  t  +  0.36  610. 

The  deviations  are  given  in  the  last  two  columns  of  Table  III. 

Holborn  and  Wien  not  only  compared  the  10  per  cent,  rhodo-plati- 
num  couple  A  directly  with  the  air  thermometer,  but  compared  with 
A  seven  other  couples  in  which  one  element  was  platinum  and  the 
other  a  rhodo-platinum  alloy,  the  percentage  of  rhodium  being  stated 
respectively  as  for  C1  and  Cv  10  per  cent.  (These  two  I  have  com- 
bined under  C.)  D,  9  per  cent.,  E,  1 1  per  cent.,  F,  20  per  cent., 
G,  30  per  cent.,  H,  40  per  cent.  For  the  present  purpose  I  have 
combined  the  data,  which  were  differences  of  emf.  between  C  and  A, 
D  and  A,  etc.,  with  the  corresponding  emf.  of  A,  and  thence  have 
deduced  the  exponential  equations  for  each  of  the  alloys.  Table  V 
gives  the  percentage  deviations  of  these  alloys  from  the  exponential 
equation  (data  —  equation),  and  Table  IV  shows  the  values  of  m,  n, 
and  ft  for  those  equations. 
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TABLE   III. 

HoLBORN   AND   WlEN.      AlR   THERMOMETER   COMPARISONS.      ALLOY  "A." 


H.  and  W.  Eon. 

AVBNARIUS. 

Exponential. 

Logarithmic. 

k 

"•I* 

rt 

•«  1  V 

3 

*D  J  * 

3 

•0  )  >* 

2 
cr 

| 

8 

cr 
V 
2 

8 

■ 
2 

8 

t 

wi 

I 

+ 

« 

II 

ll 

T3 

II 

Centi- 
grade. 

K<- 

II J 

u 

II  * 

1 

III 

s 

ll 

II  J 

•c 

m 

■6 

a. 

*■=> 

- 

-a 

a. 

«r. 

mv. 

mv. 

mv. 

mv. 

80" 

—  361 

0 

0 

"O 

0" 

0 

0 

0 

0 

"o 

0' 

82 

500 

—  84 

—  4.6 

—  107 

—  5.1 

—  69 

—  36 

+    40 

+  22 

154 

1000 

—  147 

-6.1 

—  166 

—  7.2 

—  122 

—  4.8 

+    11 

+  0  50 

220 

1500 

—  135 

—  5.0 

—  199 

—  71 

—  140 

—  47 

—   27 

—  1.0 

273 

2  (XX) 

—  150 

—  45 

—  142 

—  43 

—  85 

—  26 

+    16 

+  0.50 

329 

2  50!) 

—  130 

—  36 

—  124 

—  3.3 

—   73 

—  1.9 

+    11 

+  0.30 

379 

3  (XX) 

—  60 

—  14 

—  66 

—  1.5 

—   24 

—  0.57 

+   45 

+  1.0 

431 

3  500 

—  30 

—  060 

—  41 

—  0.9 

—     6 

—  .12 

+   45 

+  090 

482 

4000 

0 

0 

—   14 

—   .22 

+     8 

+   .15 

+   41 

+   .80 

533 

4  500 

•+    10 

+    17 

—     1 

0 

+     9 

4-   .15 

+    27 

+   .50 

5S4 

5000 

0 

0 

0 

0 

—     2 

—  .03 

+      1 

+   .01 

633 

5  500 

0 

0 

+     9 

4-   .13 

—     4 

—   .(16 

—   13 

—  .20 

6S0 

6000 

4-   10 

4-   .11 

+   2S 

+   .38 

+     5 

+   .07 

—    15 

—  .20 

725 

6  500 

+   30 

4-    .40 

4-   58 

4-   .74 

+    26 

+   .33 

—     1 

—  .01 

774 

7000 

—    lo 

—   .12 

4-   35 

+    .42 

—     5 

—   .06 

—  39 

—  .47 

816 

7  501) 

+    20 

-f    -22 

+   78 

4-   .90 

+   33 

+   .37 

—     S 

—  .10 

862 

8  000 

0 

0 

4-   69 

+   -74 

+    19 

-f   .20 

—   24 

—  .26 

906 

8  500 

-   20 

-   .20 

4-   72 

+    .74 

+    19 

4-    .20 

—  25 

—   .25 

952 

9000 

—   55 

—  .55 

4-   44 

+   .43 

—  .10 

—   .10 

—  53 

—  .52 

996 

9  500 

—  SS 

—    80 

4-    29 

+    .26 

-   24 

—   .22 

—  67 

—   .60 

1038 

10  001) 

—  88 

—   .80 

4-    29 

+    .25 

—   20 

—  .18 

—   57 

—  .50 

10  500 

—  lnO 

-   .85 

4-   22 

+   .20 

—   23 

—  .20 

—   54 

—   .43 

1  120 

11  000 

—  100 

—   .80 

+   31 

4-   .25 

—     7 

—  .06 

—    22 

—   .19 

1163 

11500 

—  140 

—  1.1 

—     6 

—   .05 

—  33 

—   .26 

—   51 

—  .40 

1201) 

12  000 

—  96 

—    .74 

+    26 

4-   .20 

+     9 

4-    .07 

+     2 

+    .02 

1241 

12  500 

—  96 

—   .70 

0 

0 

—     3 

—   .03 

—     8 

—   .06 

1273 

13  00) 

0 

0 

+   84 

4-   .60 

4-   94 

4-   .67 

4-111 

+  0  80 

1311 

13  50 ) 

4-   36 

4-   .24 

+   84 

+   -57 

4-110 

4-   .80 

4-140 

+  0.90 

1354 

14  000 

+    24 

+    17 

+    10 

+    .07 

4-  .58 

4-    .38 

4-107 

+  0.70 

1402 

14  500 

—  60 

—  .40 

—  141 

—   .90 

-  65 

—  .41 

+     2 

+   .01 

1  445 

15  (XX) 

—  72 

—   .45 

—  231 

—  1.40 

—  125 

—  .so 

—   38 

—   .23 

ad.  fo 

r  0  to  1445. 

112 

1  15 

0.77 

1.46 

a<l.  fc 

r  341  to  1445. 

039 

0.43 

0  25 

0.3S 

ad.  fo 

r  431  to  1241. 

0.43 

0.36 

0.15 

0.34 
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TABLE   IV. 


Designation  of  the 
alloy. 

Nominal  percentage 
of  rhodium. 

Exponential  equation  constants. 
»«■                                         n. 

,5 

mv. 

D 

9 

1.36  71 

1.250 

1  517 

C 

10 

0.95  596 

1.310 

1485 

E 

11 

0.81  734 

1.336 

1  469 

A 

10 

0.57  689 

1.377 

1305 

F 

20 

0.22  865 

1.522 

1167 

G 

30 

0.06  599  0 

1.708 

956 

H 

40 

0  06  303  4 

1.720 

977 

TABLE    V. 
HOLBORN   AND    WlEN.      COMPARISON   OF   ALLOYS. 


T. 

D. 

A. 

C. 

E. 

F. 

G. 

H. 

Average 
A  to  H 

0°C. 

0 

0 

0 

0 

0 

0 

0 

0 

154 

—  48 

... 

—  4.0 

—  5.0 

—    44 

—  4.5 

273 

—  0.9 

—  2.6 

—  2.7 

—  22 

—    2.3 

—  35 

—    2.3 

—  2.6 

379 

+  2.1 

—  0.57 

—  O.SO 

—  O50 

—    1.3 

—  0.60 

—  025 

—  0.67 

482 

+  2.6 

+    .15 

—   .03 

0 

—   0.6 

+    .22 

+    .46 

—  0.03 

584 

+  0.90 

—    .03 

+   -19 

+    .OS 

+    .13 

+    .30 

—    .03 

+  0.02 

6S0 

—   .30 

+    .07 

+    .13 

+    .13 

+    .12 

—    .16 

—    .26 

0.00 

774 

—   .19 

—    .06 

—   .OS 

—   .02 

—    .12 

—    .42 

—    .46 

—  0.19 

862 

+    .23 

+    .20 

+    .20 

+    .20 

+    .09 

+    .15 

—    .11 

+  0.12 

952 

+    .20 

—    .10 

0 

—   .11 

—    .15 

+    .09 

—    .24 

—  0.08 

1038 

+    .12 

-  -IS, 

—   .10 

-    .21 

—    .27 

+    .04 

—    .14 

—  0.16 

1120 

—   .15 

—    .06 

—   .09 

—   .02 

+    .10 

+    .01 

+    .22 

—  0.01 

1200 

+    .02 

+    .07 

0 

+    .10 

0 

+    .04 

0 

+  0.03 

1273 

.... 

+    .67 

+   .70 

+    .SO 

+  .so 

+    .43 

+  1.0 

+  0.73 

1354 

.... 

+    .38 

+    .60 

+   .67 

+    .51 

+    .30 

+  1.0 

+  0.5S 

1445 

.... 

—   .80 

—   .38 

—   .50 

—    .90 

—  0.40 

—    .60 

a.  d.  400o-l,200° 

.52 

.15 

.09 

.10 

.12 

.16 

.21 

.07 

a.  d.  400p-l,445° 

.25 

Direct  from 
Air  Th. 

.21 

.24 

(•24) 

.23 

.36 
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III.  Chassagny  and  Abraham  Data. — The  apparently  very  care- 
ful measurements  of  these  observers  cover  a  range  of  o°  to  ioo°  C, 
with  observations  at  250,  50°,  750  only.  This  is  too  short,  and  the 
intervals  are  too  great  to  render  the  work  of  much  service  in  testing 
a  general  formula;  but  if  its  accuracy  is  as  high  as  about  o°.oi,  as  it 
appears  to  be,  this  in  part  offsets  the  disadvantage.  Measurements 
of  1'/  and  t  were  made  with  four  thermo-couples  with  the  results 
shown  in  Table  VI  (international  microvolts  and  degrees  centigrade 
on  hydrogen  scale). 

TABLE  VI. 


Couple. 

2.00, 

zT-V 

0 

0 

Fe-Cu 

Fe-Pt.  Rh.    .     .     . 

Fe-Ag 

Fe-Pt 

1093.2 

895.1 

1  123.0 

1685.1 

S64.9 

70S.  9 

8S5.6 

1  278.9 

604.8 
496.1 
6174 
859.9 

315.5 
259.1 
321.1 
432  1 

The  Avenaritts  equation  was  applied  to  these  data  by  Chassagny 
and  Abraham  1  in  the  form  2V  =  at  +  bfi. 

They  evaluated  the  constants  from  the  500  and  ioo°  data.  With 
these  they  computed  the  temperatures  which  the  equation  would  yield 
by  insertion  of  the  observed  values  "Efe  and  1™e.  These  values  are 
given  in  Table  VII,  Columns  2  and  3. 

The  exponential  equation  applied  to  these  data  for  Fe  —  Pt  be- 
comes 

2V  =  105.096  Z0"60  —  6  525.3.  [Range,  0°  to  ioo°  C] 

The  values  of  t  corresponding  to  the  observed  values  Ife  and  1™e 
are  given  in  Table  VII.  It  has  not  seemed  for  the  present  purpose 
worth  while  to  make  similar  computations  for  the  other  couples,  as 
they  would  not  materially  affect  the  inferences  to  be  drawn. 

The  logarithmic  equation  yields 

•%'e  =  19.2946  /°  97059  5, 
or,  log  1'/  =  0.97  059  5  log  t  -4-  1.28  543  6. 

The  deviations  are  given  in  the  table. 


■Chassagny  et  Abraham,  Ann.  de  Ch.  et  de  Phys.,  xxvii,  355  (1892). 
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TABLE  VII. 


AVENARIUS. 

(C.  and  A  ) 

Exponential. 

Logarithmic. 

Couple. 

/. 

fe 

/. 

St. 

ntv. 

6 

IOO  — ■ 

e 
Per  cent. 

&, 

6 

tnv. 

Fe  —  Cu  ,     . 
Fe  —  Pt.Rh. 
Fe  —  Ag  .     . 
Fe  —  Ft    .     ., 
Fe  —  Cu  .     . 
Fe  —  Pt.Rh. 
Fe  —  Ag  .     . 
Fe  —  Pt    .     . 

24°.  88 

24.885 

24.87 

24.  S7 

75.13 

75.135 

75.135 

75.135 

+  0°.12 
.115 
.13 
.13 

—  0.13 
.135 
.135 
.135 

24°  SO 

75°15 

+  0°-20 
—  0°15 

—  26 
+  2.5 

—  0.037 

+  0032 

+  0°.52 
—  0°.26 

—  6.7 

+  4.3 

IV.  The  Noll  Data.  —  A  contribution  of  much  permanent  value  to 
the  data  on  thermo-electrics  has  recently  been  made  by  Noll,1  who  has 
measured  2^  and  t  for  thirty-two  couples  over  a  range  in  most  cases 
of  o°  C.  to  2 1 8°  C.  The  metals  employed  (including  carbon)  were 
usually  of  a  high  and  stated  degree  of  purity,  and  consisted  of  eight- 
een different  substances,  two  of  which  were  alloys  (German  silver  and 
brass),  and  the  remainder  samples  of  different  degrees  of  purity  or 
hardness  of  the  pure  substances.  The  couples  contained  as  one  ele- 
ment, for  the  most  part,  either  copper  or  mercury.  Temperatures 
were  reduced  to  the  air  thermometer  scale. 

The  Avenarius  formula  was  applied  to  fourteen  of  the  more  im- 
portant of  them  by  Noll. 

The  exponential  equation  I  have  applied  to  the  same  data.  It  has 
not  seemed  essential  to  reproduce  here  the  entire  series  of  data  and 
the  deviations  of  both  equations.  They  are,  therefore,  presented  in  a 
somewhat  more  digested  form.  Table  VIII  gives  the  constants  for  the 
exponential  equation  (those  for  the  Avenarius  may  be  fourd  in  Noll's 
article),  the  mean  deviations,  =  data  —  equation,  for  each  series,  and 

the  mean  percentage  deviations  (  =   ioo  —  ).      (See    remark   under 


1  Noll,  Wiedermann's  Annalen,  liii,  874  (1894). 
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TABLE   VIII. 
Noll's  Data  on  Pure  Metals. 


,3 

mv. 

Av.  Per  Cent 

.  Dhviations. 

Couple. 

m. 

H. 

Avenarius. 

Exponential. 

Au  — Hg 

4.6954-10-* 

2  136 

750.4 

±0  27 

±0.17 

Ag-Hg 

2.S63710-3 

2.206 

677.8 

0.33 

0T5 

Ni  —  Cu 

82333  10-" 

1.511 

3  950.2 

0.30 

0.17 

(Cd  —  Cu 

3.7617  -10-" 

4.94 

40.7 

0.48 

3.40) 

Br  —  Cu  . 

2.4969  10-' 

1.366 

531.1 

0.14 

0.13 

Zn  -  Hg 

S.2S9010-* 

2.420 

651.6 

0.15 

0.18 

Pb  — Cu 

1.767410-a 

1.800 

429.0 

0  05 

0  07 

CUl  -  Hg 

4.672610-1 

2.130 

76S4 

0.12 

0.11 

[Fe  -  Hg 

1.0913 -10+* 

0.7220 

6  264  2] 

.... 

Co-Hg 

8.3295  10-3 

2.166 

1  575.2 

0.26 

0.22 

Pti  —  Cu 

2.147510-3 

2.266 

711.1 

00s 

0.12 

Pt2  —  Cu 

1. 109.5  10-J 

2.353 

599.0 

0.19 

025 

Sm  —  Cu 

4.202110-2 

1.667 

4S2.8 

021 

0.09 

Mg  —  Cu 

2044910-2 

1.782 

44S.7 

0  15 

0.17 

Al  — Cu. 

7. 5643  TO-3 

1.590 

565.3 

0.11 

0.12 

G.  s.  —  Cu 

2.045410-' 

1.684 

2  5S9.9 

0.06 

0.05 

Average,  om 

tting  Cd  —  Cu  and  Fe  — 

-Hg. 

0.17 

0.14 

"Barua  Data.")  Table  IX  groups  the  percentage  deviations  under 
their  nearest  values  of  t  for  exhibiting  their  systematic  character.  The 
fact  that  the  experimental  method  brought  the  observations  all  very 
nearly  to  the  respective  temperatures  t  given  in  the  table  renders  this 
grouping  possible.  I  have  taken  the  liberty  of  correcting  a  few  obvi- 
ous numerical  errors,  and  of  dropping  a  very  few  values  evidently  con- 
taining a  mistake. 

It  may,  perhaps,  not  be  out  of  place  here  to  caution  those  who 
would  make  use  of  Noll's  data  to  their  full  accuracy  that  his  original 
and  not  his  interpolated  numbers  should  be  resorted  to.     The  approx- 
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TABLE   IX. 
Avenarius  Equation.    Data  —  Equation  in  Per  Cent. 


>5°- 

57°. 

IOO°. 

.38°. 

.81°. 

i98°. 

2,7-. 

Au  —  Hg  .     . 

—  .10 

—  .40 

0 

+    .05 

+    .60 

+    .90 

0 

Ag  -  Hg  . 

—  .13 

+  .20 

0 

+    .21 

'  —    .50 

—  1.30 

0 

Ni  —  Cu    . 

—  .26 

—  .15 

0 

0 

—    .22 

—    .31 

—  117 

Pi— Cu    . 

—  .10 

0 

+    .20 

+    -17 

+    .35 

0 

Zn  -  Hg   . 

—  .03 

0 

+    .09 

+    -41 

+    .40 

0 

Pb  — Cu    . 

—  .03 

0 

—    .11 

+    -12 

—    .04 

0 

Cm  -  Hg  • 

+  .02 

—  .16 

0 

+    .01 

+    .15 

+    .3S 

0 

Co-Hg  . 



0 

+    .42 

0 

—    .56 

Pti  — Cu  . 

—  .12 

0 

—    .06 

+    .09 

+    .21 

0 

Pt»  —  Cu  . 

—  .13 

0 

—    .11 

0 

+    .67 

—    .21 

Sin  —  Cu  . 

—  .20 

0 

0 

+    .34 

+    .40 

+    .30 

Mg  —  Cu  . 

+  .11 

0 

+    .22 

—    .37 

+    -11 

0 

Al  — Cu    . 

+  .16 

0 

+    .IS 

—    .18 

+    .15 

0 

G.  s.  —  Cu 

—  .01 

0 

+    .16 

+    -11 

0 

Average 

-.12 

—  .07 

0 

+    .09 

+    .05 

+    .16 

-    .12 

imate  linear  interpolation  which  he  has  employed  is  not  as  accurate  as 
his  experimental  data  demand. 

The  logarithmic  equation  applied  to  the  C14  —  Hg  couple  as  typ- 
ical of  the  Noll  data  yields 

V0e=  2.57  434  t'"s°> 

or 

log  Ue  =  1.2250  log  t  +  0.41  066  5. 

The  residuals  to  this  expression  are  given  in  Table  IX. 


Discussion  of  the  Deviations. 

Plots  are  given  in  diagram,  drawn  with  temperatures  as  abscissas 
and  percentage  deviations  between  the  data  and  the  sundry  equations 

as  ordinates  {i.e.,   100  — ,  where  o"  =  data  —  equation).    Inspection  will 
show  that,  with  one  exception  (viz.,  the  logarithmic  equation  applied  to 
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TABLE   IX.  —  Continued. 
Exponential  Equation.     Data— Equation  in  Per  Cent. 


Logarithmic  Equation.     Data  —  Equation  in  Per  Cent. 


>s°- 

57°- 

IOO°. 

1380. 

181°. 

19S0. 

2 1 70. 

Au  — Hg  . 

+  .01 

—  .12 

—    .06 

—  .06 

+    .09 

+    .12 

—   .80 

Ag  -  Hg  . 

—  .IS 

+  .22 

0 

+  .05 

—   .03 

0 

—   .50 

Ni  —  Cu    . 

—  .26 

—  .16 

0 

+  .07 

0 

0 

—    .72 

Br  — Cu    . 

—  .C6 

—    .01 

+  .12 

+    .20 

—    .26 

—    .13 

Zn-Hg   . 

—  .30 

+    .02 

+  ■14 

+    .10 

+    .65 

—    .04 

Pb  — Cu    . 

—  .10 

0 

—  .25 

+    .04 

0 

0 

Cu,  -  Hg 

—  .19 

—  .27 

+    .01 

—    .03 

0 

—    .25 

Co  -  Hg  . 

.... 

-.05 

+    .01 

+  .48 

—    .01 

— 

—  1.00 

Pn  — Cu  . 

—  .15 

+    .03 

—  .06 

+    -17 

0 

—    .31 

Pt2  —  Cu   . 

.... 

—  .56 

0 

—  .10 

—    .16 

+    .70 

0 

Sni  —  Cu  . 



—  .04 

+    .04 

—  .29 

+    -12 

+    .06 

0 

Mg  —  Cu  . 

+  .1S 

0 

+  .15 

—    .52 

+    -17 

0 

Al  — Cu    . 

+  .16 

0 

+  .12 

—    .24 

+    .18 

0 

G.  s.  —  Cu 

+  .07 

—    .01 

+  .08 

+    .05 

Average 

—  .16 

+  .08 

+    .01 

+  .03 

—    .02 

+    -14 

—   .27 

C«j  —  Hg. 


+  23  i    +1.5 


—  0.4 


+  0.5 


+  0.8 


the  Barus  data),  these  plots,  whether  the  equation  is  the  ordinary  para- 
bolic, the  Avenarius,  the  Barus,  the  exponential,  or  the  logarithmic, 
have  the  same  general  form,  which  may  be  imperfectly  described  as 
follows  :  If  the  equation  be  made  to  conform  to  the  data  at  o°  C,  and 
at  two  higher  points  a  and  b,  then  the  deviation  will  be  of  the  nega- 
tive sign  from  o  to  a,  positive  from  a  to  b,  and  negative  above  b. 
The  slight  departures  from  this  general  form  are  clearly  due  either  to 
accidental  errors  or  to  failure  to  make  the  equation  conform  to  the 
data  at  all  three  points,  or  at  suitable  ones.  The  evidence  is,  there- 
fore, conclusive  that  for  all  of  the  expressions  the  deviations  are  sys- 
tematic, and  not  purely  accidental  in  character. 
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One  of  two  inferences  is,  therefore,  warranted  : 

i.     That  neither  the  parabolic,  Avcnarins,  Barns,   exponential,  nor 

logaritJnnic  equation  is  the  natural  expression  of  the  function. 

2.    Or  that  the  scale  of  temperature  to  which  the  values  of  t  are 

referred  in  the  foregoing  investigations  departs  from  the  normal  scale 
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by  an  amount  and   system   roughly  indicated  by  the  above   residual 
plots. 

The  latter  inference,  suggested  by  Chassagny  and  Abraham  in  the 
interpretation  of  their  results,  does  not  seem  to  possess  much  weight, 
notwithstanding  the  urgent   need  of  renewed   elaborate   experimental 
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investigation  of  the  relation  between  the  hydrogen,  air,  and  thermo- 
dynamic scales  of  temperature. 

As  to  the  relative  usefulness  of  the  various  expressions  for  pur- 
poses of  interpolation  and  extrapolation  some  further  inspection  is 
necessary.  The  Barus  equation  3,  line  CD,  shows  slightly  smaller 
deviations  on  the  plot  than  do  the  Avenarius  and  exponential  (lines 
EE  and  FF).  This,  however,  is  due  to  the  fact  that  the  data  against 
which  equation  3  is  tested  are  mean  interpolated  values,  and  hence 
have  a  sensibly  less  variable  error  than  those  against  which  the  other 
equations  are  tested.  An  approximate  exponential  equation  showed 
less  deviations  than  equation  3  against  the  same  data.  There  seems, 
therefore,  to  be  no  advantage  in  this  equation  sufficient  to  offset  the 
difficulty  of  evaluation  of  its  constants. 

Applied  to  the  Barus  data  from  3500  to  1,250°,  the  exponential 
equation  shows  deviations  considerably  less  than  one  half  as  great  as 
those  of  the  Avenarius,  while  those  of  the  logarithmic  equation  are 
so  small  as  to  lie  far  within  the  range  of  the  variable  errors,  and  they, 
moreover,  show  no  clear  evidence  of  systematic  error  between  these 
limits  of  temperature.  For  interpolation  in  the  Barns  data,  therefore, 
the  logarithmic  equation  is  far  preferable,  and  must  be  conceded  to  be 
representative  of  the  data.  For  extrapolation  it  is  undoubtedly  better 
than  the  Avenarius,  which  (as  would  the  exponential  in  less  degree) 
would  certainly  above  1,000°  give  extrapolated  values  of  2,e  too  large, 
or  of  /  too  small.  The  advantage  due  to  its  simplicity  is  also  to  be 
noted. 

Applied  to  the  Holborn  and  Wien  data  from  400°  to  1,450°,  the 
exponential  equation  shows  (line  K  K)  the  same  sort  of  superiority  to 
both  logarithmic  (line  L  L)  and  Avenarius  (line  II)  that  the  loga- 
rithmic shows  to  the  others  over  the  Barus  data,  but  in  a  still  more 
marked  degree.  Within  the  limits  450°  to  1,450°,  in  fact,  the  distri- 
bution of  the  residuals  to  the  exponential  is  such  as  not  to  warrant  of 
itself  alone  any  inference  of  systematic  departure,  especially  when  the 
mean  line  MM  from  all  the  couples.  It  will  be  noted  as  an  impor- 
tant confirmation  of  both  the  exactness  of  the  electrical  measurements 
in  the  investigation  and  the  applicability  of  the  exponential  formula 
through  a  considerable  range  of  alloys  (and  therefore  of  values  of  m 
and  11)  that  this  mean  line  M M  is  almost  identical  in  form  with  the 
line  K  K  for  alloy  A.  Relatively  to  the  Holborn  and  Wien  formula 
(line  H  H),  the  exponential  possesses  a  similar  advantage,  with  also 
the  merit  of  greater  simplicity  of  form. 
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It  may,  therefore,  be  affirmed  that  for  interpolation  between  450° 
and  1,450°  in  the  Holborti  and  Wicn  data  the  exponential  equation  is 
abundantly  exact.  For  extrapolation  above  1,450°  it  would  not  be 
entirely  safe,  although  presumably  better  than  the  others,  since  the 
departure  between  o°  and  450°  and  the  similarity  of  the  form  to 
others  render  a  systematic  departure  sufficiently  certain. 

Applied  to  the  Chassagny  and  Abraham  data  (o°-ioo°),  and  to 
the  Noll  data  (o°-2i8°)  (see  plots)  the  Avenarius  and  exponential 
formulae  show  about  equal  deviations,  but  with  the  advantage  slightly 
on  the  side  of  the  former.  In  the  case  of  the  Noll  data  the  line  indi- 
cates that  the  systematic  error  is  slightly  greater  for  the  exponen- 
tial than  for  the  Avenarius  expression.  The  average  deviations  in 
Table  IX,  on  the  contrary,  show  that  for  each  individual  equation 
the  concordance  is  greater  for  the  exponential  than  the  Avenarius. 
This  discrepancy  is  due  to  the  fact  that  in  order  to  eliminate  local 
accidental  errors  the  equations  (both  Avenarius  and  exponential)  are 
not  all  made  to  coincide  with  the  data  at  the  same  temperatures,  so 
that  the  process  of  averaging  by  which  the  data  for  the  Noll  plots  is 
obtained  is  not  numerically  rigid.  This  does  not,  however,  sensibly 
affect  the  general  form  of  the  curve.  The  greater  ease  of  computa- 
tion of  the  numerical  constants  of  the  Avenarius  expression,  and  its 
applicability  where  both  t  and  tx  change,  ought  not  to  be  overlooked. 
For  extrapolation  the  exponential  would  be  safer,  for  the  reason  that  it 
has  been  above  shown  that  for  long  ranges  its  systematic  error  is  less. 

The  logarithmic  equation  fits  the  Noll  data  very  badly,  as  shown 
by  the  deviation  in  Table  IX  (not  plotted),  and  also  is  much  less  close 
to  the  Chassagny  and  Abraham  data  than  are  the  others. 

The  General  Conclusion  as  to  applicability,  then,  seems  to  be 
that,  while  the  Avenarius  expression  may  be  equally  good  or  better 
than  the  exponential  for  interpolation  over  short  ranges,  yet  for  inter- 
polation over  long  ranges,  and  for  extrapolation  above  the  observation 
limits,  the  exponential  is  decidedly  preferable.  The  exponential  form 
is  also  preferable  to  the  remaining  expressions,  with  the  exception 
noted. 

The  logarithmic  form,  although  closely  applicable  to  the  Barus 
data,  is  of  more  doubtful  general  value,  yet  on  account  of  its  great 
convenience  it  may  find  application  in  industrial  pyrometry  as  already 
indicated.  Although  failing  below  300°  or  400°,  it  may  probably 
be  applied  to  the  irido-  or  rhodo-platinum  couple  between  400°  and 
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TABLE   X. 
Barus  Melting  and  Boiling  Points. 


Computed  by 


Equation  3. 


i-ogarithmic 
equation. 


Data  by  Other  Observers. 


Mercury  (B.  P.)  .     .     . 

Zinc 

Sulphur  (B.  Pt.)  .     .     . 

Aluminum 

Selenium  (B.  Pt.)  .  . 
Cadmium  (B.  Pr.)  .  . 
Zinc  (B.  Pt.)  .... 

Silver > 

Gold J 

Copper > 

Bismuth 

Nickel 

Palladium 

Platinum 


357° 

420 

446 

638 

694 

782 

929 

986 

1091 

1096 

1435 
1476 
1585 
1757 


359° 

423 

449 

641 

697 

782 

926 

985 

1090 

1095 

1  441 
1485 
1  597 
1  783 


356°.76 
417.57 
444.53 
635 


930 

968 
954 

1072 
1035 

1082 
1054 


1  450 
1500 

1  775 


Callendar. 
■  Callendar  and  Griffiths. 
LeChatelier. 

Deville  and  Troost. 

Holborn  and  Wien. 
Violle. 

Holborn  and  Wien. 
Violle. 

Holborn  and  Wien. 
Violle. 

Carnelly  and  Williams. 

Violle. 

Violle. 


1,200°  C,  with  a  maximum  error  not  exceeding  about  5°.  If  extended 
to  cover  4000  to  2,000°,  the  error  might  rise  to  15°  or  20°. 

More  in  detail,  it  may  be  briefly  noted  by  way  of  summary : 

That  the  logarithmic  equation  fits  the  Barus  data  between  400° 
and  1,250°  with  scarcely  sensible  systematic  error  and  within  the 
limits  of  variable  errors  of  the  data ; 

That  the  exponential  equation  similarly  fits  the  Holborn  and  Wien 
data  within  the  limits  400°  to   1,445°  > 

That  when  made  to  coincide  with  the  data  at  about  450°  and 
1,200°,  the  systematic  deviations  of  the  exponential  equation  from 
the  Barus  data,  and  of  the  logarithmic  equation  from  the  Holborn  and 
Wien  data,  are  in  general  of  opposite  sign  and  of  roughly  equal 
magnitude. 


376  Silas    W.  Hohnan. 

Barus  Melting  and  Boiling  Point  Data. 

From  the  foregoing  demonstration  of  its  applicability,  it  seems 
proper  to  apply  the  logarithmic  formula  to  the  Barus  thermo-electric 
data  on  melting  points.1 

Whether  the  extrapolation  above  i,ooo°  by  the  logarithmic  for- 
mula is  entitled  to  any  great  weight  may  be  questioned,  but  there  is 
no  obvious  reason  why  it  is  not  more  reliable  than  by  any  of  the 
others.  I  have  employed  the  equation  given  on  a  preceding  page, 
which  represents  very  closely  Barus'  high  temperature  air  thermome- 
ter comparisons,  calculating  thence  the  temperatures  /  corresponding 
to  the  values  of  "2l20e  given  by  Barus  for  the  various  points,  assuming 
Barus'  value  J/fc  =  1 50  mv.  The  results  are  given  in  Column  3  of 
Table  X.  Column  4  quotes  the  most  reliable  previous  determinations 
of  the  same  points  by  other  observers.  As  to  which  of  the  two  col- 
umns of  results  best  represents  Barus'  work,  there  can  be  little  doubt 
from  the  above  evidence  that  below  1,000°  it  is  the  second,  that  is, 
the  one  computed  from  the  logarithmic  equation.  These  combine 
both  his  own  air  thermometer  and  melting  point  work.  Above  i,ooo° 
the  logarithmic  values  are  probably  slightly  too  high. 

Remarks. 

Review  of  the  laborious  researches  which  have  been  devoted  to  the 
direct  comparison  of  thermo-electric  elements  with  the  air  thermom- 
eter, mainly  for  the  purpose  of  advancing  the  art  of  pyrometry,  has 
enforced  the  conviction  that,  at  least  for  the  immediate  future,  this 
end  would  be  better  served  by  accurate  gas  thermometer  measure- 
ments of  melting  points  of  metals.  Each  such  determination  made 
upon  a  reproducible  metal  of  known  high  purity  under  proper  repro- 
ducible conditions  fixes  an  enduring  and  reproducible  reference  point,  a 
pyrometric  "bench  mark."  And  there  are  enough  inexpensive  metals, 
together  with  a  possible  system  of  simple  alloys,  to  give  points  of 
sufficient  frequency.  These  would  then  afford  a  convenient  means  of 
obtaining  accurately  known  high  temperatures  for  purposes  of  study 
of  all  high  temperature  phenomena,  and  particularly  for  calibrating 
thermoelectric,  electrical  resistance,  optical,  or  other  secondary  pyro- 
metric   interpolation   apparatus,  for  it  must  be  remembered  that  all 


1  Barus,  American  Journal  of  Science.     Vide  ante. 
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such  apparatus  is  necessarily  secondary,  the  gas  thermometer  being 
inevitably  the  primary. 

On  the  other  hand,  comparison  with  the  air  thermometer,  of  a 
thermo-couple  or  of  a  resistance  pyrometer,  or  the  study  of  any  pro- 
gressive thermal  phenomenon,  while  it  possibly  may  result  in  the  educ- 
tion of  a  natural  law,  is  very  unlikely  to  lead  to  anything  more  than 
the  establishment  of  an  approximate  equation,  with  constants  char- 
acteristic only  of  the  individual  materials  actually  employed,  and  not 
transferable  to  other,  although  similar,  materials.  Such  results  are 
obviously  of  a  much  more  ephemeral  character  than  the  melting  point 
measurements.  Even  when  any  pyrometric  apparatus  thus  tested  is 
applied  to  the  establishment  of  melting  points,  it  must  at  best  yield 
results  inferior  to  the  direct  application  of  the  gas  thermometer,  ex- 
cept in  cases  where  the  latter  is  hampered  by  want  of  sufficient  quan- 
tity of  the  metal  to  be  experimented  upon,  a  condition  which  need 
only  affect  such  costly  substances  as  gold  and  platinum. 

Stated  broadly,  the  great  need  of  the  art  of  pyrometry  is  conven- 
ient methods  of  producing,  or  of  recognizing  when  produced,  a  series 
of  accurately  known  high  temperatures.  The  analogous  problem  has 
been  partially  solved  for  thermometry  at  temperatures  up  to  300°  C. 
by  the  investigation  of  boiling  points  of  certain  chemically  pure  sub- 
stances under  controlled  pressure. 
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TREATMENT  OF  ROASTED  GOLD  ORES  BY  MEANS  OR 

BROMINE} 
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Received  September  25,  1895. 

Mr.  H.  R.  Batcheller,  of  the  class  of  1894,  Massachusetts  Insti- 
tute of  Technology,  while  experimenting  with  chlorine  gas  on  a  cer- 
tain lot  of  roasted  concentrates,  met  with  the  following  difficulties  ; 
1.  A  poor  extraction  of  the  gold.  2.  A  very  large  consumption  of 
chlorine  gas.  3.  Inability  to  precipitate  all  of  the  gold  from  the 
solution  containing  the  AuCl3.  4.  The  bullion  obtained  was  very 
base. 

These  difficulties  were  the  same  whether  the  chlorine  was  gener- 
ated from  H2S04,  Mn02,  and  salt,  or  whether  H2S04  and  bleaching 
powder  were  used.  They  may  be  accounted  for  partly  by  the  pres- 
ence of  some  arsenic  left  in  the  roasted  ore,  and  partly  by  the 
presence  of  copper  in  the  solution  containing  the  AuCl3. 

It  was  therefore  suggested  to  try  the  effect  of  bromine  on  a  simi- 
lar lot  of  ore.  The  use  of  this  element  is,  of  course,  nothing  new,  but 
in  the  following  experiments  it  seemed  to  present  many  advantages 
over  chlorine. 

The  material  worked  upon  consisted  of  some  concentrates  contain- 
ing 2.31  ounces  of  gold  per  ton  and  34.26  per  cent,  of  arsenic,  which 
would  correspond  to  about  74.4  per  cent,  of  arsenopyrite.  Consider- 
able pyrite  and  a  small  amount  of  galena  and  chalcopyrite  were  also, 
present. 


1  Reprinted  from  Transactions  of  the  American  Institute  of  Mining  Engineers.     Florida. 
Meeting,  March,  1895. 
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The  material  when  sized  and  assayed  showed  : 


On  24-mesh  sieve  .  .  . 
On  30- mesh  sieve  .  .  . 
On  40- mesh  sieve  .  .  . 
On  50-  mesh  sieve  .  .  . 
On  60- mesh  sieve  .  .  . 
On  80-mesh  sieve  .  .  . 
On  100-mesh  sieve  .  .  . 
Through  100-mesh  sieve  . 
Loss 


Ounces  gold  per  ton. 


Assaying  1.4 

Asssaying  1.2 

Assaying  1.12 
Assaying  1.19 
Assaying  1.4 


The  line  of  treatment  was  as  follows  : 

1.  Roasting  the  concentrates  in  a  reverberatory  furnace. 

2.  Submitting  the  roasted  ore  to  bromination  in  strong  preserve 
jars,  "lightning  brand,"  with  double  gaskets,  the  jars  and  their  con- 
tents being  revolved  during  the  experiment. 

3.  Precipitation  of  the  gold  by  means  of  H2S  : 


Roast  I.  —  Time,  five  hours. 


Assay.    Ounces  gold. 


Raw  ore 
Roasted  ore 


Loss 


2.31 
3.36 

Per  cent. 

12.7 


Bromination. 


Roasted  ore 
Bromine .     . 


500  grammes. 
14.5  cc. 


Water 500  cc. 

Time Si  hours. 


38o 
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Assay  of  tailings  from  two  tests  gave  0.30  and  0.32  ounces  of 
gold.  Based  on  the  roasted  ore,  this  would  be  an  extraction  of  90.7 
per  cent. 

Roast  II.  —  Time,  eight  hours. 


Kilos. 

Assay.     Ounces  gold. 

15 

8 

Per  cent. 

46.67 

2  31 

4  29 

Per  cent. 
1 

The  following  experiments  were  made  to  determine  the  proper 
amount  of  bromine  for  500  grammes  of  ore  : 


Roasted  ore.    (Grammes )     Bromine.    (CC) 


ne.    (CC.) 

Time.     (Hours.) 

(Water.    (CC) 

30 

Si 

500 

30 

si 

500 

1  5 

5| 

500 

10 

H 

500 

0.5 

Si 

500 

03 

5i 

500 

Extraction,  based  on  assay 
of  tailings.     (Per  cent.) 


500 
500 
500 
500 
500 
500 


90.67 
89.27 
92.54 
81.35 
62.23 
60.00 


The  following  were  made  to  determine  the  shortest  period  of  con- 
tact of  ore  and  bromine  giving  a  good  extraction  : 


Roasted  ore.     (Grammes.) 

bromine.  (CC.) 

Time.     (Hours.) 

Water.     (CC.) 

Extraction,  based  on  tail- 
ings.    (Per  cent.) 

500 

500 

503 

500 

500 

1.5 
1.5 
1.5 
1.5 

1.5 

51 

H 

3| 

2 

1 

500 
500 

500 
500 
500 

92.54 
8S.00 
86.00 
SI  35 
72.02 
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These  tests  seem  to  indicate  that  1.5  cc.  of  bromine,  added  to 
500  grammes  of  ore  in  500  cc.  of  water,  would  effect  in  five  and  one 
half  hours  an  extraction  of  over  90  per  cent,  of  the  gold  in  the  ore. 

To  test  these  conclusions,  a  third  roast  was  made  :  * 


Roast  III.  —  Time,  eight  hours.     (Ore  cooled  in  furnace.) 


Kilos. 

Assay.    (Ounces.) 

Arsenic.    (Per  cent. ) 

Sulphur.    (Per  cent.) 

Rew  ore    .... 

70 

2.31 

34.26 

Roasted  ore  .     .     . 

43.7 

Per  cent. 

3.58 

Per  cent. 

0.11 

0.34 

376 

3A 

99.67 

Of  this  roasted  ore,  1 5  kilos  were  treated  with  45  cc.  of  bromine 
in  1 5  kilos  of  water  for  four  and  one  half  hours  in  a  revolving  keg. 
The  tailings  showed  an  extraction  of  85.5  per  cent. 

As  an  excess  of  bromine  was  present  when  the  keg  was  opened,  at 
the  end  of  four  and  one  half  hours,  a  second  experiment  was  tried  with 
ore,  15  kilos;  bromine,  35  cc. ;  time,  five  and  one  half  hours;  water, 
1 5  kilos. 

This  showed  an  extraction  of  92.18  per  cent.,  based  on  the  assay 
of  the  tailings.  The  actual  gold  recovered  from  the  solution  was  only 
about  80  per  cent.,  which  may  be  accounted  for  by  the  presence  of 
considerable  copper  in  the  solution. 

The  expulsion  of  the  bromine  from  the  solution  seemed  to  be  best 
brought  about  by  means  of  S02.  Air  and  steam  were  both  tried,  but 
with  poor  success.  After  the  passage  of  S02  the  solution  was  quite 
clear,  although  some  gold  would  be  precipitated  on  standing. 

When  the  ore  was  chlorinated  the  solution  at  this  point,  contain- 
ing the  AuCl3,  would  be  quite  turbid,  and  evidently  contained  a  large 
amount  of  base  metals  as  chlorides.  These  would  necessarily  inter- 
fere with  the  complete  precipitation  of  the  gold,  besides  making  the 
bullion  base.  Some  base  metals,  such  as  copper,  were  also  present  in 
the  bromine  solution,  but  apparently  not  to  such  an.  extent,  for  the 
solution  was  clear. 

The  gold  was  finally  precipitated  by  means  of  H2S. 
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In  the  experiments  on  this  particular  ore  bromine  seemed  to  have 
the  following  advantages  over  chlorine  : 

i.  It  extracted  a  much  higher  percentage  than  chlorine,  the  results 
being  estimated  not  only  on  the  assay  of  the  tailings,  but  also  on  the 
actual  gold  recovered. 

2.  It  gave  solutions  much  more  free  from  base  metals.  This 
would  be  expected,  especially  where  chlorine  is  generated  by  means 
of  H2S04  and  bleaching  powder,  and  the  acid  has  a  chance  to  act 
directly  on  the  ore. 

3.  Less  time  is  required  to  extract  the  gold. 

4.  The  ease  in  using  and  comfort  in  handling  is  much  greater. 
As  regards  the  comparative  cost,  the  least   amount  of    bromine 

which  could  be  used  on  this  ore  with  a  successful  extraction  appeared 
to  be  0.3  per  cent.,  or  6  pounds  per  ton.  With  bromine  at  25  to  40 
cents  per  pound,  this  would  make  the  cost  very  high  ;  but  the  cost 
of  chlorination  would  certainly  be  still  higher,  as  it  was  found  neces- 
sary to  use  as  high  as  10  per  cent,  of  lime  and  6  per  cent,  of  H2S04 
to  obtain  even  a  fair  extraction. 


$ 


Fig.    2. 
SACCHAROMVCES   CBREVISI/£. 

(Beer  yeast.) 
X  3°°- 


Fig.  3- 

Saccharomyces  Pastorianus  showing  spores. 

(Wild  yeast.) 

X  6oo. 


Fig.   4. 

Saccharomyces  cerevisi*  showing  spores. 

X  6oo. 


Fig-  5- 

Colony  of  yeast  on  wort  gelatin. 

X40. 
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Read  Aptil  25,  1895. 

Since  the  time  of  Pasteur's  famous  researches  on  fermentation 
there  has  been  a  more  or  less  general  adoption  of  the  microscope  and 
of  scientific  methods  in  brewing  and  other  fermentation  industries. 

About  1880  Jacob  C.  Jacobsen,  a  wealthy  and  intelligent  Danish 
brewer,  realizing  the  importance  of  investigations  upon  yeast  and  the 
brewing  process,  established  a  special  research  laboratory  in  connec- 
tion with  his  Carlsberg  Brewery  at  Copenhagen,  with  Dr.  Kjeldahl  as 
chemist  and  Dr.   Emil  Christian  Hansen  as  biologist. 

Early  in  his  scientific  investigation  Hansen  found  that  many  of 
the  beers  which  had  contracted  "  disease "  were  not,  as  Pasteur  had 
supposed,  suffering  from  invasions  of  bacteria,  but,  on  the  contrary, 
from  yeast  cells  of  another  sort  than  those  characteristic  of  sound 
fermentations.  These  foreign  yeast  cells  (wild  yeast)  were  of  a  some- 
what different  shape,  and  different  in  other  respects,  also,  from  those 
found  in  normal  fermentations.  (See  Figures  2,  3  and  4.)  At  the  same 
time  he  became  interested  in  observing  the  sporulation  of  yeast  cells, 
and  found  that  the  time  of  spore  formation  varied  greatly  with  differ- 
ent yeasts.  This  was  especially  true  when  they  developed  at  either 
a  high  or  a  low  temperature.1  He  found,  furthermore,  that  spore 
formation  was  favored  if  the  cells  were  young  and  vigorous,  and  also 
if  there  was  a  plentiful  supply  of  atmospheric  oxygen.  Following  out 
this  idea  he  devised  a  method  of  yeast  analysis  by  which  he  showed 
that  his  "disease  producing"  yeasts  consisted  of  more  than  one  spe- 


'  For  Saccharomyces  Pastorianus  I.  (a  species  of  wild  yeast)  the  maximum  and  minimum 
temperatures  at  which  spores  develop  are,  respectively,  30°-5  *-.  and  40  C.  The  time  required 
for  the  production  of  spores  at  the  former  temperature  is  30  hours,  and  at  the  latter  temper- 
ature 14  days.  With  an  ale  yeast  the  maximum  and  minimum  temperatures  of  spore  for- 
mation are  360  C.  and  I2°C,  and  the  respective  times  required  are  29  hours  and  10  days. 
(Figures  2  and  3.) 


384  Simeon  C.   Keith. 

cies,  although  microscopically  they  might  have  appeared  to  be  the 
same.  Sometime  afterward  the  same  was  found  to  be  true  with  brew- 
ers' yeast,  and  here  the  species  also  manifest  themselves  in  the  quality 
of  the  beer  produced.  Some  yeasts  produce  beers  of  good  flavor,  while 
others  give  undesirable  flavors  ;  some  give  a  high  percentage  of  alco- 
hol and  some  a  low  percentage,  and  so  on.  The  conclusion  was  obvi- 
ous, namely,  that  in  order  to  get  the  best  product  not  only  a  yeast 
free  from  disease  yeasts  and  bacteria,  but  a  carefully  selected  species 
of  yeast  must  be  employed. 

In  order  to  secure  such  a  pure  culture  of  yeast,  Hansen  in  his 
first  investigations  (1880)  used  the  dilution  method  of  Lister,  which 
is  briefly  as  follows  :  The  yeast  from  which  the  culture  is  to  be  made  is 
carefully  diluted  in  a  flask  of  sterilized  water,  so  that  there  shall  be 
about  one  yeast  cell  to  each  two  drops  of  water.  To  do  this  the  num- 
ber of  cells  in  a  drop  of  rather  highly  diluted  yeast  is  counted  under 
the  microscope,  a  drop  of  this  mixture  then  placed  in  twice  as  many 
drops  of  sterilized  water  as  there  are  yeast  cells,  and  after  shaking 
violently,  so  as  to  separate  the  cells,  one  drop  is 
placed  in  each  of  twenty-five  Freudenreich  flasks  of 
sterilized  wort.  The  flasks  are  next  allowed  to  re- 
main three  or  four  clays  undisturbed,  and  if  they  are 
then  examined  small  white  specks  will  be  seen  on  the 
fig.  6.  bottom  of  some  of  them  ;  these  are  colonies  of  yeast, 

Etched  Cover  Slip  j 

Used  in  counting     and  have  grown    from    the   cells  introduced  with  the 
yeast  Cells.  single    drop.      The    flasks    containing    one    speck   are 

presumably  pure  cultures  ;  but  since  in  some  instances  two  cells  of 
different  varieties  might  stick  together  and  form  an  apparently  homo- 
geneous colony,  one  could  never  be  absolutely  sure  of  the  purity  of 
the  culture. 

In  1 88 1  Koch  introduced  the  use  of  solid  culture  media  into  bac- 
teriology, and  Hansen  soon  after  employed  it  in  a  unique  modification 
of  the  plate  method  for  making  pure  cultures  of  yeast  in  such  a  way  as 
to  avoid  all  possibilities  of  error.  Absolutely  pure  cultures  are  secured 
without  difficulty  by  making  use  of  a  modification  of  the  Bottcher 
moist  chamber  in  which  the  thin  cover  has  sixteen  small  numbered 
squares  etched  upon  it.     (Figure  7.) 

The  yeast  from  which  the  pure  culture  is  to  be  made  is  largely 
diluted  in  sterilized  wort  gelatine,1  and  a  thin  layer  is  spread  on  the 

1  Beer  wort  containing  from  5  per  cent,  to  10  per  cent,  of  gelatine. 
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inner  side  of  the  cover  of  the  Bottcher  chamber.  When  the  gelatine 
solidifies,  the  yeast  cells  become  fixed  in  position,  and  the  location  of 
the  well-isolated  single  cells  is  noted  on  a  corresponding  diagram,  so 


Fig.  7. 
Hansen  Culture  Cell. 


a  —  Cover  slip. 

b —  Layer  of  wort  gelatine  containing 

yeast  cells. 
c  —  Drop  of  water. 


that  the  yeast  colonies  growing  from  them  may  be  identified.  (Fig- 
ure 8). 

In  the  course  of  a  week  the  colonies  growing  from  the  single  cells 
will  have  reached  the  size  of  a  small  pin's  head  (Figure  5),  and  now 
some  of  the  colony  which  has  grown  from  a  single  cell  is  transferred 
by  means  of  a  sterilized  wire  to  a  Freudenreich  or  small  Pasteur  flask. 

After  the  fermentation  is  complete  in  this  first  flask,  the  character 
of  the  yeast  is  studied  and  the  quality  of  the  beer  which  it  will  pro- 
duce is  determined.     That  yeast  which  is  best  suited  to  meet  the  con- 
ditions required  is  allowed  to  multiply  in  large 
Pasteur  flasks  until  by  successive   cultivations 
enough    pure  yeast    is   finally  produced  in  the 
copper  Carlsberg  flask  to    charge  the  culture 
apparatus    (Figure    1.)     This  apparatus  was  in- 
vented by  Hansen  and  Kuhle,  and  is  in  effect 
a  giant  Pasteur  flask.      It  is  so  arranged  that 
quantities  of  yeast  sufficient  to   "pitch"   eight 
hectoliters  of  wort  can  be  generated  every  ten 
days.     Since  a  great  source  of  invasion  or  in- 
fection in  beers  is  undoubtedly  the  use  of  worts 
infected  by  germs  from  the  air,  great  care  is 

taken  that  wort  free  from  germs  shall  be  supplied  for  the  develop- 
ment of  the  pure  yeast.  This  is  done  in  the  apparatus  by  cooling  the 
boiling  hot  wort   in    the  wort  tank  (see  left-hand  tank  in  Figure  1), 


Fig.  8. 

Diagram  of  one  etched  square, 
showing  how  the  positions  of 
yeast  cells  and  resulting  colonies 
are  located. 

a,  b,  c  —  Location  of  single  cells. 
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and  at  the  same  time  aerating  it  with  air  that  is  freed  from   germs 
by  being  filtered  through  cotton. 

In  the  Carlsberg  Brewery  the  same  principle  is  applied  to  cooling 
the  whole  of  a  brewing,  so  that  with  proper  care  the  yeast  remains  in 
a  state  of  purity  for  some  time  after  being  introduced  from  the  culture 
apparatus  to  the  brewery.  The  purity  of  the  yeast  is  easily  tested  from 
time  to  time  by  sowing  on  blocks  of  plaster  of  Paris.  The  wild  yeast 
spores  are  formed  at  a  temperature  of  15°  C.  in  a  much  shorter  time 
than  the  spores  of  culture  yeast,  'so 
in  this  way  we  have  a  method  by 
which    an    exceedingly  small    infec- 


Fig.  9. 

Fig.  io. 

Frkudenkeich 

Pastkur  Flask 

Flask  (X  4). 

(X  J). 

Fig.   II. 

Carlsbhkg  Flask 

(X  J). 


tion  may  be  detected.  The  fermentation  room  in  this  brewery  is  also 
unique  and  deserves  special  notice.  The  fermenting  tubs  are  made 
entirely  of  slabs  of  slate,  and  are  placed  in  long,  narrow,  arched  cellars, 
in  single  rows  on  each  side,  leaving  an  aisle  in  the  center.  Running 
lengthwise  at  the  top  of  the  arch  is  a  long  air  conduit  with  dampers 
opening  in  such  a  way  that  a  jet  of  cold  sterilized  air  can  be  blown 
over  the  surface  of  the  beer,  and  thus  its  temperature  kept  absolutely 
under  control. 

On  the  death  of  Jacobsen,  in  1887,  the  control  of  the  Carlsberg 
Brewery  passed  by  his  will  to  a  board  appointed  by  the  Royal  Danish 
Scientific  Society,  and  the  profits  of  the  brewery  are  used  mainly  in 
aiding  scientific  research,  especially  in  the  line  of  fermentation. 
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Within  the  past  two  years  Hansen  has  investigated  the  organisms 
of  acetic  acid  fermentations,  and  has  added  greatly  to  our  knowledge 
on  this  subject.  Contrary  to  Pasteur,  Hansen  finds  that  there  are  sev- 
eral closely  allied  but  distinct  species  of  the  acetic  bacteria,  and  that 
the  two  principal  ones  can  be  distinguished  by  the  action  of  iodine. 
Iodine  gives  a  blue  coloration  to  Bacterium  Pastorianum,  while  Bac- 
terium accti  is  colored  yellowish  brown.  He  has  also  studied  their 
polymorphism  under  varying  conditions,  and  finds  that  the  rod  or 
chaplet  shape  occurs  when  the  bacteria  are  grown  at  low  tempera- 
tures. At  40°  C,  however,  very  long  swollen  cells  make  their  appear- 
ance ;  but  this  character  is  not  permanent,  for  if  cultures  be  again 
made  of  them  at  the  ordinary  temperatures  only  the  former  shape  is 
found. 

Since  the  recent  studies  on  the  lactic  fermentation  concerned  in 
butter-making,  by  Storch,  of  Denmark,  and  Conn,  of  Wesleyan  Uni- 
versity in  Connecticut,  use  has  been  made  of  the  Hansen  apparatus  in 
the  preparation  of  pure  cultures  of  bacteria  particularly  adapted  to  the 
production  of  a  butter  of  superior  quality,  and  in  Denmark,  at  least, 
the  bottled  cultures  of  such  bacteria  are  an  article  of  commerce. 

From  time  to  time  the  question  has  arisen  whether  yeasts  are  a 
distinct  class  of  organisms  or  only  forms  of  some  of  the  higher  fungi. 
Quite  recently  an  American,  John  J.  Juhler,  working  under  Jorgensen, 
claims  to  have  found  a  genetic  connection  between  certain  molds  and 
yeast.  Under  certain  conditions  he  finds  that  the  conidia  of  a  Japan- 
ese mold  (Aspergillus  oryzee)  when  grown  on  the  surface  of  sterilized 
grapes  can  develop  budding  cells  which  have  all  the  characters  of  true 
yeast.  Jorgensen  has  confirmed  Juhler's  experiments,  so  that  there  is 
little  reason  to  doubt  that  some  yeasts,  at  least,  may  be  derived  in  this 
way. 

Among  the  possible  uses  of  pure  yeast  is  its  introduction  into  the 
baking  industry.  About  a  year  ago  it  occurred  to  me  that  if  a  par- 
ticular variety  of  pure  yeasts  is  adapted  to  brewing,  we  should  expect 
the  same  to  be  true  in  the  case  of  the  fermentation  of  dough  in  bread- 
making.  Naturally,  pure  yeast  would  also  have  the  advantage  over 
the  present  commercial  yeast  in  that  it  would  be  free  from  lactic-acid 
bacteria  and  molds,  which,  in  the  summer  time,  cause  great  trouble  in 
the  production  of  good  bread.  With  this  in  view  I  carried  out  several 
experiments  in  which  pure  cultures  of  yeast  were  used.  The  material 
and  utensils  used  in  making  the  experiments  were  carefully  sterilized 
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in  order  that  the  purity  of  the  culture  might  be  maintained  during  the 
fermentation  of  the  dough.  The  results  were  highly  satisfactory,  and 
show  that  the  idea  is  undoubtedly  a  correct  one  ;  the  bread  was  of 
superior  grade,  and  its  keeping  qualities  and  absence  of  any  acid 
flavor  were  especially  noticeable.  Some  experiments  were  also  con- 
ducted in  order  to  ascertain  whether  or  not  bread  was  sterilized  suffi- 
ciently in  baking  to  kill  the  yeast  cells.  Several  of  the  breads  sold  in 
Boston  failed  to  show  any  living  yeast  cells  in  the  interior  of  even 
the  most  slack-baked  loaves  examined,  which  shows  that  in  most, 
if  not  in  all,  cases  the  cells  must  be  killed  in  the  process  of  baking. 
This  has  been  denied  by  some  observers. 

In  the  summer  of  1894  I  had  the  opportunity  of  spending  a  few 
months  at  the  Zymotechnical  Institute  at  Copenhagen,  under  its  well- 
known  director,  Mr.  Alfred  Jorgensen,  and  I  wish  here  to  express  my 
appreciation  of  the  many  favors  then  shown  to  me  by  him. 
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THE   CYANIDE   PROCESS   AS   APPLIED    TO    THE    CON- 
CENTRATES FROM  A  NOVA  SCOTIA   GOLD  ORE} 

By  RICHARD  W.  LODGE. 

Received  September  25,  1895. 

The  following  work,  performed  by  Mr.  W.  A.  Tucker,  of  the  class 
of  1893,  in  the  Mining  Department  of  the  Massachusetts  Institute  of 
Technology,  seems  to  me  to  be  worthy  of  publication.  I  believe  it 
has  always  been  considered  that  the  presence  of  arsenic  especially 
interferes  with  the  extraction  of  gold  by  the  cyanide  method.  Mr. 
Tucker's  work,  although  made  on  a  laboratory  scale,  certainly  seems 
to  disprove  this  view,  and  to  show  that,  even  with  a  very  large  per- 
centage of  arsenic  present  in  the  ore,  a  high  extraction  may  be  ob- 
tained without  an  excessive  consumption  of  KCy. 

The  ore  from  which  the  concentrates  were  obtained  was  a  gray 
argillaceous  schist  and  slate,  with  stringers  and  veins  of  quartz  run- 
ning through  it.  It  carried  free  gold  and  about  12  per  cent,  of  sul- 
phides. The  ore  was  crushed  with  stamps  ;  the  free  gold  was  col- 
lected in  the  ordinary  way  on  silver-amalgamated  copper  plates  ;  and 
the  sulphides,  which  consisted  chiefly  of  arsenopyrite  and  pyrite,  with 
very  small  amounts  of  galena  and  chalcopyrite,  were  concentrated 
and  collected  by  means  of  a  Frue  vanner. 

A  carefully  taken  sample  gave  : 

Gold 6.17  ounces  per  ton. 

Arsenic 30.6    per  cent. 

The  latter  figure  would  correspond  to  about  66.5  per  cent,  of 
arsenopyrite  in  the  concentrates. 


1  Reprinted  from  Transactions  of  the  American  Institute  of  Mining  Engineers.     Florida 
Meeting,  March,  1895. 
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The  work  to  be  done  was  outlined  as  follows  : 
i.    Sizing  the  concentrates; 

2.  Assaying  the  different  sizings  ; 

3.  Treating  these  different  sizings  with  KCy  of  different  degrees 
of  strength  for  different  periods  of  time. 

Owing  partly  to  the  small  amount  of  concentrates  found  on  the 
40-  and  60-mesh  sieves,  and  partly  to  the  lack  of  time,  the  following 
four  series  were  substituted  in  place  of  carrying  out  No.  3. 

Series  I. —  Treating  concentrates  with  a  given  amount  of  a  J  per 
cent.  KCy  solution  for  different  periods  of  time.  The  solution,  in- 
stead of  being  all  added  at  once,  was  added  in  three  portions. 

Series  II.  —  Treating  a  given  amount  of  concentrates  with  an 
equal  quantity  of  a  1  per  cent,  solution  of  KCy  for  different  periods 
of  time,  the  KCy  not  being  renewed  as  in  Series  I. 

Series  III.  —  The  same  as  Series  II,  except  that  the  concentrates 
were  revolved  with  the  KCy  solution  in  bottles,  and  did  not  simply 
stand  in  contact  with  it,  as  in  the  previous  series. 

Series  IV. — Concentrates  and  solution  in  motion;  strength  of 
KCy  solution,  time  of  contact  and  amount  of  solution  varying. 


Sizing  and  Assaying  Concentrates. 


A  sample  of  the  concentrates  sized  and  assayed  resulted  as  fol- 


lows 


SlHVK 

Mesh. 

Proportion  of 

sample. 

(Percent.) 

Assay. 
(Ounces  per  ton.) 

Gold. 

Proportion  of 
total  gold. 
(Percent.) 

Through. 

On. 

40.     .     .     . 

0.412 

25.70 

0.000363 

1.71 

40  ...     . 

60.    .     .     . 

0.449 

27.10 

0.000417 

1.96 

60  ...     . 

80.    .     .     . 

4.010 

10.69 

0.001468 

6.90 

80  ...     . 

92.710 

6.00 

0.019005 

89.43 

2.419 

Total     .     .     . 

100.000 

0.021253 

100.00 
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The  above  assays  include,  of  course,  the  free  gold  (pellets)  which 
may  have  been  found  on  the  40-,  60-,  and  80-mesh  sieves. 


Treatment  with  Cyanide. 

Series  I.  —  One  A.  T.,  or  29.166  grammes,  of  concentrates  passed 
through  a  30-mesh  sieve,  and  assaying  6. 17  ounces  per  ton,  was  treated 
with  100  cc.  of  KCy  (1  per  cent.)  solution.  This  solution  was  added 
at  three  different  times  in  equal  portions,  the  first  portion  being 
drawn  off  before  the  second  was  added,  and  so  on. 

The  apparatus  employed  was  an  inverted  glass  bottle,  with  the 
bottom  cut  off,  and  a  perforated  porcelain  plate  laid  across  at  the  point 
of  contraction  to  the  neck,  so  as  to  form  (in  the  inverted  position)  a 
false  bottom.  Below  this,  the  neck  was  closed  with  a  rubber  stopper, 
through  which  passed  a  glass  tube,  fitting  outside  to  a  rubber  tube, 
closed  with  a  pinch-cock. 

The  result  of  these  tests  was  as  follows  : 


Time  of  adding   KCy, 

calculated  from  first 

addition. 

Time  of  with- 
drawing the  third 
addition  of 
KCy. 

Assay  of  tailings 

in  ounces  per 

ton. 

Percentage 

of  gold 
extracted. 

Grammes  of 

KCy 
consumed. 

Grammes  of 
KCy  used  per 

gramme  of 
gold  extracted. 

Second. 

Third. 

(Hours.) 

(Hours.) 

(Houri) 

16}              20} 

23 

1.92 

68.88 

0.112 

26.4 

16} 

20} 

23 

2.39 

61.26 

0.124 

32.8 

234 

30 

51 

1.43 

76.82 

0.168 

35.4 

221 

29} 

51 

2.82 

54.29 

0.146 

43.6 

23 

65 

70 

.       1.44 

76.66 

0.155 

32.8 

23 

65 

70 

2.78 

54.94 

0.156 

46.0 

24 

44 

94 

1.51 

75.52 

0.169 

36.3 

24 

44 

94 

2.67 

56.72 

0.206 

58  9 

24 

44 

94 

1.51 

75.52 

0.165 

35.4 

20i 

94} 

118 

1.62 

73.74 

0.164 

36.0 

W| 

94} 

118 

1.56 

74.72 

0.202 

43.8 

20} 

94} 

118 

1 

1.23 

80.06 

0.202 

40.9 
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These  results  were  not  at  all  satisfactory,  for  they  neither  indi- 
cated that  the  extraction  increased  with  the  time  of  contact,  nor  did 
they  show  in  what  period  of  the  contact  the  solution  of  the  gold  took 
place. 

Series  II.  —  The  apparatus  used  was  the  same  as  in  Series  I. 
Quantity  of  concentrates  (through  30-mesh),  25  grammes  ;  assay,  6.17 
ounces  per  ton;  quantity  of  KCy  (1  per  cent.)  solution,  25  cc.  The 
solution  was  not  changed. 

These  experiments  seem  to  show  that  the  extraction  of  gold  in- 
creases with  the  time  of  contact  of  the  KCy.  Apparently,  the  con- 
sumption of  KCy  increases  with  the  time.  This  large  consumption 
in  both  Series  I  and  II  is  no  doubt  due  to  the  free  access  of  air  to 
the  apparatus  in  which  the  tests  were  made. 


Duration 

of  treatment. 

(Hours.) 

Assay  of  tailings. 
(Ounces  per  ton.) 

Per  cent, 
of  gold  extracted. 

Grammes  of 
KCy  consumed. 

Grammes  KCy 

used  per  gramme  of  gold 
extracted. 

16 

2.97 

51.84 

.064 

23.4 

16 

2.75 

55.43 

.065 

22  2 

22 

2  30 

62.72 

.058 

17.5 

22 

2.17 

64.83 

.058 

16.9 

251 

2.12 

65.64 

.065 

19.6 

71 

2.51 

59.32 

.124 

39.5 

71 

2.24 

63.69 

.118 

35.0 

71 

2.57 

5S.35 

.127 

41.1 

118 

1.61 

73.91 

.091 

23.3 

118 

1.40 

77.31 

.131 

32.5 

11s 

1.26 

79.58 

.134 

31.1 

While  working  on  these  experiments,  25  grammes  of  concentrates 
and  25  cc.  of  KCy  solution  were  put  in  a  bottle,  tightly  stoppered, 
which  was  caused  to  revolve.  The  extraction  was  such  an  improve- 
ment on  all  the  previous  work  that  all  other  experiments  were  con- 
ducted in  this  way. 
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Series  III.  —  Quantity  of  concentrates  (through  30-mesh),  25 
grammes  ;  assay,  6.17  ounces  per  ton  ;  quantity  of  KCy  (1  per  cent.) 
solution,  25  cc.     Bottles  and  contents  revolved. 


Duration  of 

revolution. 

(Hours.) 

Assay  of  tailings. 
(Ounces  per  ton.) 

Per  cent,  extracted, 

calculated  from 

No.  a. 

Grammes  of 
KCy  consumed. 

Grammes  of   KCy 

used  per  gramme  of  gold 

extracted. 

2 

0.39 

93.68 

0.022 

4.44 

2 

1 11 

S2.01 

0.033 

760 

2 

0.S2 

86.71 

0.035 

7.63 

2 

0.82 

86.71 

0.032 

6  97 

4 

066 

89.30 

0.072 

15.25 

4 

0  62 

89.95 

0.042 

8.82 

H 

0.58 

9).60 

0.053 

11.06 

H 

0.47 

92.38 

0.063 

13.07 

23 

0.42 

93.19 

0.031 

6.42 

23 

0.58 

90.60 

0.043 

S.98 

These  experiments  seem  to  indicate  that  to  revolve  the  bottles 
about  six  hours  was  sufficient,  and  that  the  extra  amount  of  gold 
extracted  would  hardly  compensate  for  a  longer  revolution. 

Series  IV.  —  Bottles  and  contents  revolved. 


CoNCKNl 

rates  Through  30-Mesh;  Assay,  6.17  Ounces  Per  Ton. 

Dutation  of 

revolution. 
(Hours.) 

Weight 
of  ore. 

(Grammes) 

Strength  of 

KCy. 
(Per  cent.) 

Quantity 
of  KCy 

Solution, 
(cc.) 

Assay  of 

tailings. 
(Oz.  per  ton.) 

Per  cent. 

of  gold 

extracted. 

Grammes  of 

KCy 
consumed. 

Grammes  of  KCy 

per  gramme  of  gold 

extracted. 

4 

50 

1.(1 

25 

0.87 

85.90 

.026 

2.S4 

4 

50 

1.0 

25 

0.71 

83.49 

.094 

10.03 

4 

25 

0.5 

25 

0.47 

92.38 

.014 

2.86 

4 

25 

0.5 

25 

0.66 

89.30 

.009 

1.91 

4 

25 

0.5 

25 

0.S9 

85.57 

.014 

3.09 

161 

25 

05 

25 

0.97 

84.28 

.055 

12.33 

161 

25 

0.5 

25 

057 

90.76 

.050 

10.42 

23 

25 

0.5 

25 

0.51 

91.73 

.045 

9.28 
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Concentrates  Through  80- Mesh;  Assay,  6  Ounces  Per  Ton. 


Duration  of 

revolution. 

(Hours.) 

Weight 

of  ore. 

(Grammes) 

Strength  of 

KCy. 
(Per  cent.) 

Quantity 

of  KCy 

solution. 

(cc.) 

Assay  of 

tailings. 

(Oz.  per  ton.) 

Per  cent. 

of  gold 

extracted. 

Grammes  of 
KCy 

consumed. 

Gramrr.es  of  KCy 

per  gramme  of  gold 
extracted. 

6* 

6i 

1,000 
1,000 

1.0        :      1,000 
0.5        ;     1,000 

0.70 
1.00 

8S.30 
83.33 

7-033 
3.617 

77.06 
40.22 

The  large  consumption  of  KCy  in  these  last  two  tests  was  due  to 
insufficient  washing. 

In  none  of  the  tests  were  the  concentrates  washed  with  water  pre- 
vious to  their  treatment  with  cyanide.  Owing  to  lack  of  time,  Mr. 
Tucker  was  unable  to  test  the  solutions  for  arsenic,  or  to  see  whether 
all  the  gold  could  be  recovered  from  them  ;  so  we  are  unable  to  give 
any  data  on  these  points.  While  we  realize  that  these  are  simply 
laboratory  experiments,  that  the  tailings  are  in  all  cases  too  rich  lo 
be  thrown  away,  still  we  consider  the  extraction  remarkably  high  on 
material  carrying  the  percentage  of  arsenic  that  this  does.  Making 
the  tests  in  a  closed  vessel  lessens  the  consumption  of  KCy,  as  one 
would  expect.  As  the  extraction  also  increases,  this  would  seem  to 
be  contrary  to  Elsuer's  equation,  to  which  oxygen  is  necessary ;  and 
certainly  there  could  hardly  be  enough  in  a  small  bottle  to  influence 
the  extraction.  Keeping  the  ore  and  solution  in  agitation  certainly 
seems  to  have  helped  the  extraction,  although  this  method  of  working 
has  met  with  very  little  success  in  actual  practice. 
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General  and  Physical  Chemistry. 

A.  A.  Noyes,  Abstracter. 

The  Chemical  Kinetics  of  Oxydation.  By  Herman  Schlundt  and 
Robert  B.  Warder.  I.  On  the  Speed  of  the  Liberation  of  Iodine 
in  Mixed  Solutions  of  Potassium  Chlorate,  Potassium  Iodide,  and 
Hydrochloric  Acid.  By  Herman  Schlundt.  Am.  Chan.  J.,  17,  754- 
770.  —  The  title  sufficiently  indicates  the  character  of  the  investigation.  The 
results  are  expressed  both  numerically  and  graphically.  The  authors'  con- 
clusions are,  first,  that  the  velocity  increases  greatly  with  increase  of  tem- 
perature and  of  concentration  ;  second,  that  the  effect  of  an  excess  of  potas- 
sium iodide  is  about  the  same  as  that  of  an  equivalent  excess  of  potassium 
chlorate ;  third,  that  an  equivalent  excess  of  acid  causes  a  much  greater  in- 
crease of  speed;  fourth,  that  hydrobromic,  hydrochloric,  nitric,  and  sulphu- 
ric acids  accelerate  the  reaction  in  a  greater  degree  in  the  order  named.  The 
difference  in  effect  of  the  first  three  was  quite  small,  however.  The  abstracter 
considers  the  second  conclusion  of  importance  ;  for  it  shows  that  the  reaction, 
aside  from  the  accelerating  effect  of  acid,  is  one  of  the  second  order,  like  the 
analogous  reactions  with  potassium  iodide  and  hydrogen  peroxide  or  bromic 
acid  recently  investigated  (Ztschr.  physik.  Chem.,  18,  122). 

An  Early  American  Arrangement  of  the  Elements.  By  F.  P. 
Venable.  J.  Am.  Chem.  Soc,  17,  947-949. — The  author  calls  attention  to 
the  fact  that  L.  R.  Gibbes,  of  Charleston,  South  Carolina,  published  in  1S75, 
evidently  in  ignorance  of  the  tables  of  Mendelejeff  and  Meyer,  an  arrange- 
ment of  the  elements  presenting  many  of  the  essential  features  of  the  periodic 
law. 

Some  Additional  Notes  on  Argon  and  Helium.  By  Edwin  A. 
Hill.  Am.  J.  Sci.,  50,  359-376.  —  The  author  supports  his  previously  ex- 
pressed opinion  (Tech.  Quart.,  8,  307),  that  the  molecule  of  argon  is  diatomic, 
by  a  lengthy  discussion  of  the  significance  of  its  inertness,  in  which  he  attempts 
to  disprove  the  hypothesis  that  argon,  like  mercury,  at  8oo°  is  above  the  tem- 
perature at  which  chemical  combination  is  possible,  by  showing  that  the  ele- 
ments with  which  it  possesses  the  closest  (physical)  analogies  —  the  gaseous 
elements  —  are  below  the  temperature  of  greatest  chemical  activity,  and  by 
pointing  out  that  the  few  cases  in  which  it  has  been  made  to  combine  are  all 
attended  with  a  great  expenditure  of  external  energy.  Its  inertness  has,  in 
the  abstracter's  opinion,  little  or  no  bearing  on  the  question,  inasmuch  as  this 
property  seems  most  probably  to  be  one  inherent  in  the  argon  atom  ;  for  it  is 
to  be  remembered  that  by  far  the  most  conclusive  evidence  of  its  inertness 
is  the  fact  that  no  compounds  of  it  have  been  found  to  exist  in  nature,  show- 
ing that  neither  the  varied  conditions  that  now  exist  nor  the  high  temperature 
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conditions  of  the  past  have  given  rise  to  the  formation  of  compounds.  —  The 
latter  portion  of  the  article  is  devoted  to  a  summary  of  the  recent  publications 
concerning  argon  and  helium. 

The  Rate  of  Hydrolysis  of  Salicine  with  Acids.  By  Arthur  A. 
Noyes  and  William  T.  Hall.  Tech.  Quart.,  8,  288-293.  —  The  authors 
show  by  polariscopic  measurements  that  the  rate  of  hydrolysis  of  salicine  into 
dextrose  and  saliretine  at  95°  is  expressed  by  the  equation  of  the  first  order : 
</x  :  dt  =  c  (A  —  x)  and  that  the  relative  catalytic  effects  of  hydrochloric, 
sulphuric,  oxalic,  and  malonic  acids  on  this  reaction  are  approximately  the 
same  as  those  on  the  sugar  inversion. 

H.  M.  Goodwin,  Abstracter. 

The  Chemical  Potential  of  the  Metals.  By  Wilder  D.  Bancroft. 
Proc.  Am.  Acad.,  31,  96-122;  Phys,  Review,  3,  250-269.  —  This  paper  con- 
tains the  results  of  some  original  experiments  on  the  electromotive  force  of 
nonreversible  elements  and  a  discussion  of  the  results  of  others  on  similar 
cells.  A  new  theory  of  the  factors  determining  the  potential  difference  be- 
tween metals  and  electrolytes  is  expounded,  which  is  essentially  stated  in  the 
following  quotation  of  the  first  two  conclusions  of  the  paper:  "  1st.  The  poten- 
tial difference  between  a  metal  and  an  electrolyte  is  not  a  function  of  the  con- 
centration of  the  salt  solution,  nor  of  the  nature  of  the  positive  ion,  except  in 
certain  special  cases.  2d.  It  is  a  function  of  the  electrode,  of  the  negative 
ion,  and  of  the  solvent."  These  conclusions  and  those  following,  deduced,  as 
they  are,  from  experiments  on  polarizable  cells,  would,  were  they  confined  to 
such  cells  alone,  merit  at  least  serious  consideration  and  criticism,  but  when 
extended  to  include  reversible  electrodes,  the  theory  of  which  has  been  so  fully 
developed  and  completely  verified  by  experiment  in  the  last  few  years,  the 
disagreement  between  the  author's  theory  and  the  facts  is  so  obvious  as  to 
make  a  detailed  criticism  seem  superfluous.  One  case  may  be  mentioned 
which  will  serve  to  show  the  fallacy  of  the  author's  views.  According  to 
his  theory,  the  electromotive  force  of  the  reversible  elements,  Zn  |  ZnCl2  | 
ZnBr2  I  Zn  and  Zn  |  ZnCL  |  Znl2  |  Zn,  the  solutions  being  of  equal  concen- 
tration, say  0.1  normal,  and  the  salts  assumed  equally  dissociated,  should 
be  0.080  and  0.152  volt,  respectively.  As  a  matter  of  fact  the  electro- 
motive force  of  both  these  elements  is  practically  zero  (actual  measure- 
ment by  the  abstracter  gave  0.002  and  0.003  volt),  a  result  inexplica- 
ble if  the  potential  difference  depends  on  the  nature  of  the  halogen  ions, 
but  in  complete  agreement  with  and  a  necessary  consequence  of  Nernst's 
theory  of  the  voltaic  cell,  according  to  which  it  is  primarily  a  function 
of  the  kation  concentration,  which  in  all  of  the  above  solutions  is  practi- 
cally the  same.  Had  the  author  but  taken  the  trouble  to  make  one  or  two 
experiments  to  test  the  above  conclusions,  which  he  himself  draws,  he  would 
have  convinced  himself  of  the  fallacy  of  his  views,  and  thus  saved  himself  the 
trouble  of  much  of  the  criticism  of  the  work  of  others  contained  in  his  paper. 

On  the  Formation  of  Layers  in  Mixtures  of  Acetic  Acid  and  Ben- 
zene. By  C.  E.  Linebarger.  J.  Am.  Chem.  Soc,  17,  932-933.  —  The  author 
finds  that  when  care  is  taken  to  obtain  absolutely  pure  products  a  mixture  of 
benzene  and  acetic  acid  when  cooled  to  — 200  C.  shows  no  indication  of  layer 
formation  as  described  by  Duclaux.  This  is  in  complete  agreement  with  the 
author's  previous  experiments,  and  the  results  of  Duclaux  are  undoubtedly  to 
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be  explained  by  the  fact  that  he  used  incompletely  dehydrated  acetic  acid, 
and  thus  experimented  with  a  ternary  mixture  of  water,  acetic  acid,  and  ben- 
zene, instead  of  a  binary  mixture  of  the  last  two.  The  author  finds  that  it 
requires  only  a  slight  addition  of  water  to  affect  the  separation  usually  observed. 

A  Remarkable  Electrolytic  Phenomenon.  By  C.  J.  Reed.  /. 
Franklin  Inst.,  139,  283-286.  —  When  a  solution  of  disodium  hydrogen  phos- 
phate is  electrolyzed  between  lead  electrodes,  and  the  negative  electrode 
taken  so  small  as  to  insure  a  very  great  current  density,  a  voluminous  cloud 
of  dark  blue  heavy  precipitate  is  formed  at  this  electrode.  The  precipitate 
when  washed  and  dried  was  found  to  be  a  permanent  impalpable  powder  re- 
sembling lead,  but  showed  no  luster  on  grinding  in  a  mortar.  Heated  in  air 
to  the  melting  point  of  lead,  it  combined  with  oxygen  with  incandescence, 
forming  yellow  lead  oxide.  Heated  out  of  contact  of  air,  it  melted  to  metallic 
lead.  The  precipitate  was  found  to  be  formed  when  a  number  of  other  solu- 
tions were  electrolyzed  under  the  same  conditions :  solutions  of  salts  of  met- 
als which  can  be  deposited  electrolytically  and  of  strong  acids  formed  excep- 
tions. Of  the  metals,  arsenic  alone  showed  the  same  behavior  as  lead.  No 
figures  are  given  in  regard  to  the  voltage,  current,  or  current  density  used. 

The  Relationship  of  the  Heat  of  Vaporization  of  Gases  to  Their 
Density  and  also  to  Their  Boiling  Point.  By  William  L.  Dudley.  /. 
Am.  Cfutn.  Sot.,  17,  969-986. — The  article  consists  mainly  of  a  number  of 
plots  in  which  the  values  of  the  "latent  heat  of  one  cubic  centimeter  of  vapor 
(reduced  to  o°  and  760  mm.)"  for  different  liquids  are  plotted  as  ordinaies 
against  their  densities  referred  to  hydrogen  and  absolute  boiling  points  as 
abscissae.  From  the  general  linear  form  of  the  resulting  curves  the  author 
enunciates  the  "law"  that  in  any  homologous  series  the  heat  of  vaporization 
in  a  unit  of  volume  of  the  vapor,  under  the  same  conditions  as  to  temperature 
and  pressure,  is  proportional  to  the  density,  and  also  to  the  absolute  boiling 
point.  The  author's  computation  of  latent  heat  of  1  cc.  of  vapor  seems  to 
the  abstracter  erroneous,  since  the  specific  gravity  of  the  liquid  should  be 
entirely  omitted  from  his  formula.  The  proportionality  between  molecular 
heats  of  vaporization  and  absolute  boiling  point,  which,  if  Avogadro's  law  is 
admitted,  is  but  another  expression  of  the  above  enunciated  law,  has  long 
been  known  as  Prouton's  Law. 

Preliminary  Table  of  Solar  Spectrum  Wave  Lengths.  By  Henry 
A.  Rowland.  Astro  phys.  J.,  2.,  306-315,  360-369.  (See  lech.  Quart ,  8,  94, 
312.)  —  The  above  references  contain  measurements  of  wave  lengths  from 
5429.349  to  59i3-93°- 

On  the  Wave  Length  of  the  D3  Helium  Line.  By  A.  Deforest 
Palmer,  Jr.     Am.  J.  Sci.,  50,  357~35&- 

On  Some  Devices  for  the  Separation  of  Minerals  of  High  Spe- 
cific Gravity.  By  S.  L.  Penfield.  Am.  J.  Sci.,  50,  446-448.  —  A  form  of 
apparatus  is  described  for  separating,  by  means  of  Retger's  mixture  (AgNOs  : 
TINO|  =  1  :  1  ;  sp.  gr.  =  4.5),  the  heavy  constituents  of  a  mineral  mixture. 
It  consists  of  a  glass  tube  whose  lower  end  is  somewhat  narrowed  and  ground 
both  inside  and  out,  whereby  it  may  be  closed  from  within  by  a  ground  stop- 
per at  the  end  of  a  rod,  and  at  the  same  time  itself  close  a  small,  cup-shaped 
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vessel  for  collecting  the  heavy  particles.  The  liquid  and  mineral  mixture  is 
first  introduced  into  the  tube  and  the  heavy  constituents  allowed  to  collect  in 
the  lower  vessel,  which,  when  the  stopper  has  been  inserted,  is  removed  and 
its  contents  analyzed.  The  liquid  is  then  diluted  and  a  second  separation 
effected  in  the  same  way.  —  For  liquids  having  a  specific  gravity  greater  than 
4.5  the  author  suggests  the  use  of  mixtures  of  silver  nitrate  and  thallium  ni- 
trate in  the  proportions  3:4,  2:4,  1:4,  respectively,  the  last  having  a  spe- 
cific gravity  greater  than  4.85  and  fusing  at  about  2000  C.  Pure  thallium  ni- 
trate, which  fuses  at  about  2500  C,  with  a  sp.  gr.  of  4.94,  may  also  be  used. 

Inorganic  Chemistry. 

H.  P.  Talbot,  Abstracter. 

Ammonium  Phosphomolybdate  and  the  Reducing  Action  of  Zinc 
in  the  Reductor.  By  Andrew  A.  Blair  and  J.  Edward  Whitfield. 
J.  Am.  Client.  Soc,  17,  747-760.  —  The  investigation  of  the  composition  of 
ammonium  phosphomolybdate,  and  the  action  of  zinc  upon  the  molybdic  acid 
contained  in  it,  was  carried  on  as  a  part  of  the  work  of  the  sub-committee 
on  methods  of  the  International  Steel  Standards  Committee.  Ten  samples 
of  the  phosphomolybdate  were  prepared,  including  precipitations  from  solu- 
tions containing  ferric  nitrate,  and  from  solutions  of  ammonium  molybdate 
alone.  These  preparations  were  washed  with  water  containing  varying  amounts 
of  nitric  acid,  and  were  dried  under  diverse  conditions  as  regards  temperature 
and  time.  The  dry  salt  is  hygroscopic,  and  was  preserved  in  glass-stoppered 
tubes  over  caustic  potash.  The  phosphoric  acid  was  determined  by  the  addi- 
tion of  magnesia  mixture  to  the  ammoniacal  solution,  re-solution  of  this  pre- 
cipitate in  hydrochloric  acid,  precipitation  of  the  molybdenum  by  sulphuretted 
hydrogen,  the  re-precipitation  of  the  ammonium-magnesium  phosphate,  and 
ignition.  The  molybdic  acid  was  determined  by  precipitation  with  lead  ace- 
tate, filtration  on  a  Gooch  filter,  drying  at  1200  C.,  and  weighing  as  lead  phos- 
phate and  molybdate.  The  ammonia  was  liberated  by  distillation  with  potas- 
sium hydroxide,  absorption  in  hydrochloric  acid,  and  ultimate  separation  as 
the  double  platinum  salt.  The  determination  of  the  water  offered  unexpected 
difficulties,  and  was  finally  achieved  by  heating  in  a  combustion  tube  to 
2500  C.  and  absorption  of  the  liberated  water  by  calcium  chloride.  It  was 
shown  that  no  ammonia  was  liberated  during  the  heating.  From  the  analyses 
of  the  ten  samples  it  appears  that  the  average  ratio  of  the  phosphorus  to  100 
of  molybdic  acid  was  1.7946,  the  extremes  being  1.778  and  1.810.  The  per- 
centages of  water  varied  from  0.71  to  5.02  (in  a  single  instance),  the  average 
being  about  1.77  per  cent.,  while  the  ammonia  (calculated  as  (NH4)20)  varied 
from  2.64  to  3.39.  The  variations  in  the  former  were  probably  due  to  the 
varying  conditions  under  which  the  drying  occurred,  and  in  the  latter  to  the 
removal  of  the  ammonia  by  nitric  acid  in  the  wash  water.  The  authors  are 
prepared  to  adopt  as  a  result  of  these  analyses,  "without  hesitation,"  the  theo- 
retical ratio  1.794  as  the  true  proportion  of  phosphorus  to  molybdic  acid  in  the 
yellow  precipitate.  They  could  not  confirm  the  statement  of  Hundeshagen 
(C/iem.  News,  60,  168)  that  ammonium  phosphomolybdate  washed  with  dilute 
nitric  acid  and  dried  in  a  desiccator  over  calcium  chloride  and  potassium 
hydroxide  has  the  composition  i2Mo03,  P205,  3(NH4)20,  4HNO3,  2ITO. — 
To  test  the  action  of  zinc,  the  phosphomolybdate  was  dissolved  in  ammonia, 
the  solution  acidulated  with  sulphuric  acid  and  passed  through  a  special  form 


Review  of  American   Chemical  Research.  399 

of  reductor,  for  a  description  of  which  reference  must  be  made  to  the  original 
article.  The  reductor  was  rinsed  out  with  sulphuric  acid.  The  proper  time 
of  passage  through  the  reductor  was  found  to  be  about  two  minutes,  for  a  hot 
solution  of  about  100  cc.  in  volume  for  each  two  tenths  of  a  gram  of  phospho- 
molybdate.  It  was  noted  that  when  the  same  solution  was  repeatedly  passed 
through  the  reductor  that  on  the  third  passage  a  green  oxide  of  molybdenum 
was  deposited  on  the  zinc.  This  is  soluble  in  sulphuric  acid.  It  has  been  as- 
sumed by  different  authorities  that  the  molybdate  is  reduced  by  zinc  to  Moo03, 
or  Moj-jOij.  The  authors  conclude  that  the  reduction  does  not  go  as  far  as 
MoitOit,  but  rather  to  Mo24Os7.  In  order  to  determine  whether  the  methods  in 
general  use  would  yield  results  agreeing  with  this  assumption,  portions  of  the 
same  sample  of  phosphomolybdate  were  sent  to  six  different  chemists.  The 
average  of  the  results  showed  91.68  per  cent,  of  molybdic  acid  (extremes  90.74 
and  93.05),  while  the  gravimetric  determination  indicated  91.96  percent. — 
The  authors  also  examined  the  yellow  precipitate  which  forms  in  molybdate 
solutions,  and  found  it  to  contain  90.43  per  cent,  molybdic  acid  and  9.61  per 
cent,  water,  no  phosphoric  acid,  and  only  traces  of  ammonia.  They  conclude 
that  it  is  caused  by  the  presence  of  an  excess  of  ammonium  nitrate,  and  rec- 
ommend the  following  as  a  useful  method  for  the  preparation  of  a  stable  molyb- 
date solution  :  Mix  100  grams  of  molybdic  acid  with  400  cc.  of  cold,  distilled 
water,  and  add  80  cc.  of  ammonia  (0.91  sp.gr.);  filter,  and  pour  the  solution 
into  a  mixture  of  300  cc.  of  nitric  acid  (1.42  sp.  gr.)  and  700  cc.  of  water. 

The  Ferrates.  By  Claude  A.  O.  Rosell.  /.  Am.  Client.  Soc,  17, 
760-769.  — The  author  claims  to  have  obtained  sodium  ferrate  in  solution  by 
fusion  of  ferric  oxide  and  sodium  dioxide,  and  disintegration  of  the  resulting 
mass  with  ice  water.  All  attempts  to  form  the  iron  dioxide  from  the  sodium 
ferrate  or  barium  ferrate  were  unsuccessful.  Moist  barium  ferrate  was  found 
to  be  decomposed  by  all  soluble  acids,  even  carbonic  acid  ;  the  dry  salt  is 
more  resistant.  Carbonic  acid  forms  barium  carbonate  and  ferric  hydrate. 
Barium  ferrate  is  not  decomposed  by  alkaline  salts,  except  by  sulphates, 
which  throw  down  barium  sulphate  and  ferric  hydrate.  It  appears  that  the 
supposed  formation  of  thioferrates  when  sulphuretted  hydrogen  is  passed  into 
solutions  of  sodium  ferrate  is  in  reality  a  reduction  of  the  ferrates,  leaving 
the  green  color  due  to  the  manganates  present.  The  sodium  ferrate  was 
prepared  in  quantity  by  passing  chlorine  through  a  mixture  of  ferric  hydrate 
and  sodium  hydrate.  An  account  of  earlier  researches  on  the  ferrates  and  a 
bibliography  are  appended.  The  article  leaves  much  to  be  desired  as  regards 
clear  and  definite  statements. 

On  the  Possibility  of  the  Occurrence  of  Hydrogen  and  Meth- 
ane in  the  Atmosphere.  By  Francis  C.  Phillips.  /.  Am.  C/iem.  Sot.,  17, 
801-809.  Am.  Gtis  Light  /.,  63,  647-649.  —  The  author  considers  that  con- 
siderable quantities  of  the  gas  evolved  in  early  stages  of  decay  of  organic 
remains  must  have  escaped  into  the  atmosphere  before  the  burial  of  such  re- 
mains under  sedimentary  deposits  sufficiently  compact  to  preclude  the  possi- 
bility of  diffusion,  whether  it  is  assumed  that  the  decomposition  took  place  at 
low  temperatures,  or  at  a  gentle  heat.  Experiments  show  that  if  seaweed  be 
allowed  to  decay  under  water,  that  the  gas  evolved  during  the  first  ten  days 
is  composed  chiefly  of  carbonic  acid  and  hydrogen,  while  that  subsequently 
given  off  consists  of  methane.  Gases  from  shallow  swamp  waters  include 
carbon  dioxide,  nitrogen,  and   methane  ;   those  from  deeper  waters  contain 
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also  hydrogen.  In  regions  where  natural  gas  is  found,  gas  bubbles  are  easily 
produced  by  disturbing  the  sediments  at  the  bottoms  of  ponds  or  streams, 
even  when  no  decay  is  in  progress.  This  gas,  the  author  believes,  comes  by 
slow  diffusion  from  great  depths,  and  escapes  into  the  atmosphere.  One 
sample  was  found  to  consist  of  methane,  93.06  per  cent. ;  nitrogen,  6.70  per 
cent.  ;  and  carbon  dioxide,  0.24  per  cent.  Arguments  are  offered  to  show 
that  hydrogen  or  methane  would  pass  to  the  outer  limits  of  the  earth's  atmos- 
phere and  remain  there.  Experiments  made  on  Mount  Washington,  with 
palladium  chloride,  to  establish  the  existence  of  hydrogen  in  the  atmosphere 
at  that  altitude,  yielded  negative  results.  The  author  concludes  that  ozone 
would  tend  to  remain  in  the  lower  strata  of  the  atmosphere  apart  from  the 
hydrogen  ;  that  nitrous  acid,  if  formed,  would  nof  attack  either  hydrogen  or 
the  hydrocarbon ;  and  that  at  the  reduced  pressure  existing  at  great  altitudes 
no  combination   between  hydrogen  and  oxygen  would  probably  take  place. 

Two  Definite  Carbides  of  Iron  with  Chromium  (Molybdenum 
and  Tungsten).  By  James  S.  de  Benneville.  /.  Am.  Client.  Soc,  17, 
791-801.  —  The  author  has  isolated  and  examined  a  ferromolybdenumchro- 
mium  carbide,  to  which  he  assigns  the  symbol  Fe7(CrMo)8C<)  and  a  ferro- 
tungstenchromium  carbide,  with  the  symbol  Fe7(CrVV)GC4.  The  properties, 
probable  methods  of  formation  and  their  significance,  as  well  as  the  analytical 
procedure,  are  fully  discussed  and  described  in  the  paper,  to  which  reference 
must  be  made. 

The  Chlorides  of  Zirconium.  By  F.  P.  Venable.  /.  Am.  Chem. 
Soc,  17,  842-843.  —  In  an  earlier  paper  (/.  Am.  Chem.  Soc,  16,  460-475) 
the  author  stated  that  a  solution  of  zirconium  hydroxide  in  hydrochloric  acid 
resulted  in  the  formation  of  zirconium  tetrachloride,  which  could  be  recrys- 
tallized  from  concentrated  acid.  An  average  of  ten  analyses  showed  that  the 
substance  contained  39.16  per  cent,  of  zirconium,  while  the  calculated  per- 
centage for  the  tetrachloride  is  38.99.  It  has  since  been  found  that  the  sub- 
stance contains  only  35.5  per  cent,  of  chlorine  instead  of  6r.oi  per  cent.  It  is 
probably  an  oxychloride,  possibly  possessing  the  symbol  Zr3(OH);Cl7.sH20. 

Tellurium.  Its  Separation  from  Copper  Residues,  with  Notes 
on  Some  New  Reactions.  By  Cabell  Whitehead.  /.  Am.  Chem.  Soc,  17, 
849-855.  —  It  is  doubtful  if  any  copper  now  produced  is  free  from  tellurium, 
with  the  possible  exception  of  the  native  copper  of  Lake  Superior.  The 
average  amount  present  is  not  far  from  0.04  per  cent.  The  copper  ores  of 
the  West  are  smelted  with  gold  or  silver  bearing  ores,  and  these  mattes  are 
Bessemerized  and  the  copper  sent  East  to  be  refined  by  electrolysis,  by  which 
process  the  impurities  are  separated  in  the  metallic  state  or  as  oxides,  or 
basic  salts  in  the  form  of  a  slime.  This  is  treated  with  boiling  20  per  cent, 
sulphuric  acid  in  an  air  current,  and  silver  sulphate  is  added,  which  causes 
the  copper  to  pass  into  solution,  and  this  is  washed  out  of  the  slime,  which 
now  consists  of  gold,  silver,  and  tellurium,  and  of  lead  sulphate.  The  lead 
is  volatilized,  and  the  remaining  bullion  melted  into  bars,  which  are  subse- 
quently dissolved  in  hot  sulphuric  acid.  The  tellurium  separates  on  cooling 
as  tellurous  oxide  with  the  gold  residue  ;  the  silver  passes  into  solution  and  is 
recovered.  The  tellurous  oxide  and  gold  are  once  more  treated  with  hot 
sulphuric  acid,  which  leaves  only  the  gold.  This  is  purified  by  fluxing  with 
borax  and  nitre.     The  tellurium  may  be  separated  from  its  solution,  after  re- 
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moval  of  the  remaining  traces  of  silver  as  chloride,  either  by  precipitation 
by  copper,  or  by  sulphurous  acid  ;  the  former  method  seems  to  be  preferable. 
Copper  telluride  is  precipitated,  from  which  the  copper  is  removed  by  oxida- 
tion and  solution  in  sulphuric  acid.  The  tellurium  is  next  converted  into 
sodium  telluride  by  fusion  with  sodium  carbonate  and  charcoal,  and  the 
metal  is  precipitated  as  a  gray  powder,  by  passing  a  current  of  air  through 
the  aqueous  solution.  The  metal  is  treated  with  hydrochloric  acid,  and  sub- 
sequently with  potassium  cyanide  solution.  The  dried  metal  is  finally  fused. 
It  contains  traces  of  impurities,  chiefly  gold,  and  may  be  purified  by  distil- 
lation in  hydrogen.  —  The  tellurium  is  largely  precipitated  by  ammonium 
salts  from  solutions  of  sodium  telluride  according  to  the  equation  Na»Te03-|- 
2NH4CI  =  2NaCl  +  TeO„  +  2NH3  +  H20.  A  small  amount  of  the  metal 
remains  in  solution,  but  is  thrown  down  by  sulphurous  acid.  It  is  proposed 
to  examine  this  very  carefully  with  regard  to  the  possible  compound  nature  of 
tellurium.  Hydrogen  telluride  was  found  to  precipitate  telurium  and  tellu- 
rides  from  a  solution  of  tellurium  chloride  slightly  acid  with  hydrochloric 
acid.  —  Tellurium  when  heated  with  aluminum  unites  with  the  latter  with  ex- 
plosive violence  to  form  a  chocolate  colored  compound  Al2Te3.  This  bodv  is 
quickly  decomposed  by  water  as  follows:  ALTe3-)-3H20  =  Al203  +  3H2Te. 
This  is  exactly  comparable  with  the  behavior  of  the  sulphide.  The  telluride 
is  not  acted  upon  by  water.  —  Tellurium  is  easily  deposited  by  the  electric 
current,  but  not  in  the  reguline  state.  It  can  be  separated  from  copper  in 
a  potassium  cyanide  solution  containing  3  grams  of  cyanide  for  each  gram 
of  copper. 

Reactions  between  Copper  and  Concentrated  Sulphuric  Acid. 
By  Charles  Baskerville.  J.  Am.  Chem.  Soc,  17,  904-912.  —  The  author 
assumes  that  the  action  of  concentrated  sulphuric  acid  upon  copper  may  be 
represented  by  two  primary  reactions:  (1)  Cu  -f-  2H„S04  =  CuS04  -f-  S02 
-f-  2H20,  and  (2)  5CU  -f  4H2S04  =  Cu2S  +  3CuS04  +  4H20  ;  and  two 
secondary  reactions:  (1)  Cu2S  +  2H„S04 .=  CuS  -f  CuS04  -f  SO,  +  H„0, 
and  (2)  CuS  +  2H2S04  =  CuS04  -f  S  +  S02  +  2H20.  The  experiments 
were  carried  on  in  an  atmosphere  of  carbon  dioxide  and  at  temperatures 
ranging  from  0°  to  270°  C.  At  high  temperatures  only  the  first  primary  reac- 
tion takes  place,  but  at  lower  temperatures  both  occur,  and  on  prolonged  con- 
tact the  secondary  reactions  appear.  The  black  residue  was  shown  to  consist 
of  cuprous  sulphide.  In  one  instance  only,  in  which  the  air  was  not  expelled 
from  the  flask,  an  oxvsulphide,  Cu0.2Cu.S  was  found.  Compare  Pickering, 
/.  Chem.  Sue.,  1878,  i'i2. 

On  Silicides  of  Iron.  Bv  G.  de  Ckalmot.  /.  Am.  Chem.  Soc.,  17, 
923-924.  —  Upon-  subjecting  mixtures  of  iron  filings,  charcoal,  and  sand  to 
the  temperature  of  the  electric  furnace  a  silicide  of  iron  containing  23  to 
27  per  cent,  of  silicon  was  obtained.  It  was  white,  brittle,  and  crystalline, 
and  corresponded  in  composition  to  the  compound  Fe3Si2.  It  is  only  very 
slowly  attacked  by  aqua  regia,  and  then  only  to  remove  iron.  It  is  decom- 
posed by  hydrofluoric  acid,  or  by  fusion  with  sodium  carbonate  and  potassium 
nitrate. 

On  the  Use  of  Organic  Bases  in  the  Preparation  of  Barium 
and  Calcium  Ferrocyanides.  By  Percy  H.  Walker.  /.  Am.  Chem. 
Soc,  17,  927-931.  —  The  preparation  of  barium  ferrocyanide  from  the  cor- 
responding potassium   compound  is  made    difficult  by  its  tendency  to  form 
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double  ferrocyanides.  A  similar  difficulty  is  not  met  with  if  a  suitable  organic 
base  is  brought  into  the  process.  Strychnine  ferrocyanide  is  easily  prepared, 
and  from  this  ammonium  ferrocyanide,  from  which  the  ammonium  may  be 
displaced  by  boiling  with  barium  hydroxide.  Dimethylaniline  ferrocyanide 
may  also  be  formed,  which  on  shaking  with  barium  hydroxide  yields  the 
barium  salt.  The  corresponding  reaction  occurs  when  calcium  hydroxide 
is  used.  Dimethylaniline  ferrocyanide  has  the  symbol  [CgH6N(CH3)2H]2 
H2Fe(CN)c,  and  is  a  white  crystalline  salt,  somewhat  soluble  in  water. 
Barium  ferrocyanide  has  the  symbol  Ba2Fe(CN)c,6H20.  The  crystals  are 
oblique  rectangular  prisms  of  the  monoclinic  system,  unaltered  in  the  air, 
and  lose  eleven  twelfths  of  their  water  at  400  C,  but  retain  the  residue  to 
the  point  of  decomposition.  They  are  soluble  in  about  260  parts  water  at 
i8°C. — The  author  suggests  that  a  separation  of  iron  and  aluminum  may 
be  possible  through  the  use  of  the  strychnine  ferrocyanide. 

On  the  Combination  of  Anhydrous  Ammonia  and  Aluminium 
Chloride.  By  J.  M.  Stillman  and  Minnie  B.  Yoder.  Am.  C/iem.  /.,  17, 
748-753.  —  The  aluminum  chloride  was  prepared  by  heating  aluminum  foil 
in  a  current  of  dry  chlorine  and  subsequent  re-sublimation  in  the  same  tube. 
The  chloride  was  subjected  to  the  action  of  ammonia  either  in  the  same  tube 
or  after  transfer  to  a  U  tube,  which  was  cooled  by  immersion  in  water.  The 
dry  ammonia,  mixed  with  some  air,  was  at  first  passed  slowly  over  the  chloride, 
and  finally  pure  ammonia.  At  the  end  of  twenty-four  hours  the  process  was 
complete,  and  a  light  white  powder  resulted  which  smelled  of  ammonia,  was 
non-deliquescent,  but  decomposed  by  water.  An  analysis  shows  that  the 
composition  approximates  that  of  A1C13.6NH3,  but  the  amount  of  ammonia 
is  about  2  per  cent,  too  low.  By  passing  dry  air  over  this  compound  heated 
to  temperatures  between  o°  and  100°,  a  body  results  which,  in  its  percentage 
of  aluminum  and  chlorine,  approximates  the  compound  AlCl3.sNH3,  but  con- 
tains from  7  to  15  per  cent,  less  ammonia.  Some  drops  of  water  were  noticed 
in  the  tube  when  the  air  current  was  interrupted,  and  the  temperature  of  the 
bath  maintained  at  ioo°,  and  at  200°  water  and  ammonium  chloride  were 
detected.  The  authors  assume  that  some  of  the  hydrogen  of  the  ammonia 
is  oxidized  to  water,  that  the  aluminum  is  changed  to  oxide,  and  that  am- 
monium chloride  is  formed.  They  assume  that  this  reaction  takes  place  in 
some  degree  during  the  formation  of  the  original  compound,  which  would 
explain  the  deficiency  in  ammonia  noted.  Unfortunately,  experimental  con- 
firmation is  not  given.  The  partially  oxidized  compound  was  heated  to  2400 
in  dry  hydrogen,  and  was  changed  into  a  body  approximating  A1C13.2NH8. 
It  is  proposed  to  continue  the  same  line  of  experimentation  with  other  anhy- 
drous chlorides.     (Compare  also  the  abstract,  this  Quarterly,  page  314). 

On  the  Existence  of  the  Sulphoxyantimonates.  By  LeRoy  W. 
McCay.  Am.  Chem.  J.,  17,  770-778.  —  The  author  has  repeated  the  ex- 
perimental work  of  Rammelsberg  (Aim.  o'er  Phys.  Pogg.,  52,  193)  with  the 
hope  that  thereby  some  light  might  be  thrown  upon  the  action  of  sulphuretted 
hydrogen  upon  solutions  of  antimonic  acids,  whereby  salts  of  sulphoxyanti- 
monic  acid  are  possibly  formed.  About  64  grams  of  antimony  pentasulphide 
were  treated  with  46  grams  of  potassium  hydroxide  dissolved  in  250  cc.  of 
water.  The  flask  was  violently  shaken  and  allowed  to  stand  twenty-four 
hours ;  the  potassium  metantimonate  was  removed  by  filtration,  and  the  red- 
dish filtrate   evaporated  on  the  water  bath  until   crystallization   just  began, 
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and  then  allowed  to  cool  slowly.  Straw  yellow  crystals  of  some  size  sepa- 
rated, which  were  dried  in  a  Gooch  crucible,  pressed  between  filter  paper,  and 
finally  dried  in  a  vacuum  over  lime.  The  analyses  correspond  to  the  compo- 
sition, K2HSb02.S2  -f-  2H20.  It  might  be  considered  to  be  either  a  double 
salt,  a  pyrosulphoxy  salt,  or  as  a  secondary  potassium  orthodisulphoxyantimo- 
niate.  The  first  is  improbable,  and,  while  there  is  no  proof  that  it  is  not  a 
pyrosulphoxy  salt,  the  author  thinks  it  more  logical  to  class  it  as  the  latter 
ortho  compound,  with  which  it  seems  to  correspond  in  its  behavior.  It  loses 
four  fifths  of  its  water  at  i40°-iso°  (probably  water  of  crystallization),  and 
the  remainder  (probably  water  of  constitution)  at  25o°-26o°.  The  hydrates 
of  the  alkaline  earths  produce  in  its  solution  white,  crystalline  precipitates; 
silver  nitrate  produces  a  black,  copper  sulphate  a  dark  red,  and  lead  acetate 
a  cherry  red  precipitate,  the  last  two  becoming  black  on  standing.  The  pre- 
cipitates do  not  appear  to  be  sulphoxy  compounds.  On  the  addition  of  a 
little  acetic  acid  the  liquid  becomes  orange,  and  a  little  sulphuretted  hydrogen 
is  evolved,  which,  if  not  allowed  to  escape,  is  again  absorbed.  Hydrochloric 
acid  throws  out  a  mixture  of  antimony  pentasulphide  and  trisulphide,  free 
sulphur,  antimony  pentoxide  and  trioxide,  while  some  of  the  last  two  remain 
in  solution.  A  small  amount  of  sulphuretted  hydrogen  is  also  evolved.  The 
following  may  represent  the  reaction  on  the  addition  of  an  acid:  8H3Sb(XS2 
+  12H0O  =  Sb2S5  +  2Sb2Ss  4-  5S  +  H3Sb04  +  H3Sb03  +  jiHJQ. 

EL  Fay,  Abstracter. 

On  the  Ammonium-Cuprous  Double  Halogen  Salts.  By  H.  L. 
Wells  and  E.  B.  Hurlburt.  Am.  J.  Sti.,  50,  390-393.  —  Deherain  de- 
scribed three  double  chlorides,  4NH4Cl,Cu2CI2.H,0,  2NH4Cl.Cu2Cl2,  and 
NH4Cl.CutClj.  The  authors  were  able  to  obtain  the  first  of  these  salts  with- 
out the  molecule  of  water  which  corresponds  to  Mitscherlich's  potassium  salt, 
4KCl.Cu2Cl2.  This  salt  crystallizes  well,  but  is  readily  oxidized  on  standing. 
The  other  chloride  obtained,  4NH4C1.3Cu2CI2,  crystallizes  in  brilliant  dodec- 
ahedrons. Attempts  to  make  the  second  salt  of  Deherain  failed,  but,  as 
the  corresponding  bromide  is  easily  prepared,  its  existence  seems  possible. 
Deherain's  third  salt  could  not  be  made,  and  the  authors  think  its  exist- 
ence doubtful.  Two  bromides  were  prepared  corresponding  to  the  for- 
mula;, 4XH,l!r.Cu2Br2  and  2NH4Br.Cu2Br2.  Only  one  iodide  was  obtained, 
2XH4I.Cu2In,  which  corresponds  to  the  description  of  a  salt  made  by  Saglier, 
to  which  he  assigned  the  formula,  NH4I.Cu,I2.H20.  These  salts  were  pre- 
pared by  bringing  together  the  ammonium  and  cuprous  halogen  salts  with 
the  corresponding  acids  in  presence  of  copper  wire. 

The  Reduction  of  Selenic  Acid  by  Hydrochloric  Acid.  By  F.  A. 
Gooch  and  P.  S.  Evans.  Am.  J.  Set.,  50,  400-402.  —  This  paper  presents 
a  study  of  the  conditions  which  are  most  favorable  for  the  complete  and  rapid 
reduction  of  selenic  acid  by  hydrochloric  acid.  It  was  found  that  so  long  as 
the  volume  of  the  hydrochloric  acid  (sp.  gr.  1.20)  does  not  exceed  10  per  cent, 
of  the  entire  liquid  no  chlorine  is  evolved,  and  that  only  when  the  percent- 
age of  this  acid  rises  as  high  as  thirty  does  the  chlorine  evolved  during  five 
minutes'  boiling  approach  the  theoretical  yield.  Good  results  may  be  ex- 
pected when  the  mixture,  containing  one  third  of  its  volume  of  concentrated 
hydrochloric  acid  at  the  beginning,  is  boiled  until  all  chlorine  is  expelled,  care 
being  taken  that  the  volume  of  the  liquid  shall  not  become  less  than  two 
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thirds  of  the  original  volume.  If  the  hydrochloric  acid  solution  be  allowed  to 
boil  down  to  "half  strength  acid,"  selenium  appears  in  the  receiver.  The 
iodine  liberated  in  the  absorption  apparatus  is  determined  by  standard  sodium 
thiosulphate. 

The  Reduction  of  Selenic  Acid  by  Potassium  Bromide  in  Acid 
Solution.  Bv  F.  A.  Gooch  and  YV.  S.  Scoville.  Am.  J.  Sci.,  50,  402- 
404.  —  In  a  previous  paper  it  has  been  shown  that  potassium  bromide  may  be 
used  as  a  reducing  agent  in  presence  of  acid  to  effect  the  reduction  of  arsenic 
and  telluric  acids.  This  paper  gives  the  precautions  necessary  for  the  reduc- 
tion of  selenic  acid  by  means  of  potassium  bromide  in  acid  solution.  The 
applicability  of  the  reaction  to  quantitative  work  depends  upon  the  propor- 
tions of  the  reagents  used.  The  quantities  which  were  found  to  give  the  best 
results  were  60  cc.  initial  volume,  containing  20  cc.  "one  half  strength  sul- 
phuric acid,"  with  one  gram  potassium  bromide  to  0.25  gram  of  selenic  acid. 
After  all  bromine  is  expelled  the  liquid  becomes  clear,  but  on  further  boiling 
it  is  again  colored  from  the  decomposition  of  the  excess  of  potassium  bromide. 
The  heating  should  be  discontinued  when  the  color  reappears,  and  the  vol- 
ume of  liquid  should  not  be  reduced  below  35  cc.  Under  these  conditions  the 
reduction  is  almost  theoretically  exact.  The  iodine  is  titrated  with  sodium 
thiosulphate. 

Analytical  Chemistry. 

H.  P.  Talbot,  Abstracter. 

Estimation  of  Sulphur  in  Pyrites.  By  G.  Lunge.  /.  Am.  C/iem. 
Soc,  17,  772-775.  —  This  article  continues  the  discussion  between  the  author 
and  Mr.  T.  S.  Gladding  concerning  the  details  of  the  procedure  for  the  deter- 
mination of  sulphur  in  pyrites  (compare  this  Quart.,  pages  184  and  187).  The 
paper  presents  no  additional  experimental  data,  and  is  mainly  devoted  to 
criticism  of  Gladding's  interpretation  and  representation  of  the  author's  ear- 
lier statements,  and  reaffirms  these  statements  without  exception. 

The  Estimation  of  Sulphur  in  Refined  Copper.  By  G.  L.  Heath. 
J.  Am.  Chcm.  Soc,  17,  814-822.  —  The  author  regards  the  methods  of  Frese- 
nius  and  Hampe  as  inapplicable  to  refined  copper,  and  while  the  procedure 
proposed  by  Phillips  (that  of  solution  in  nitric  or  nitro-hydrochloric  acid, 
and  precipitation  from  an  hydrochloric  acid  solution  with  barium  chloride)  is 
more  satisfactory,  it  does  not  take  into  account  the  possible  solvent  action  of 
cupric  chloride  and  hydrochloric  acid  upon  the  barium  sulphate.  The  experi- 
ments made  by  the  author  show  that  if  the  total  volume  of  the  solution  does 
not  exceed  100  cc.  the  barium  sulphate  is  completely  precipitated  even  in 
liquids  containing  3^  per  cent,  by  volume  of  hydrochloric  acid  (sp.  gr.  1.20). 
In  the  presence  of  2-j  grams  of  copper  and  the  same  amount  of  acid,  in  a 
volume  of  350  cc,  the  precipitation  is  retarded,  but  is  complete  at  the  end 
of  72  hours,  except  with  very  small  amounts  of  sulphur;  but  when  the  amount 
of  copper  is  increased  to  10  grams  the  solubility  of  the  barium  sulphate  is 
considerable.  Results  of  experiments  are  also  presented  to  show  that  the 
sulphate  is  appreciably  soluble  in  large  volumes  (700  cc.)  of  dilute  acid  with- 
out the  presence  of  the  copper  salt.  The  direct  precipitation  is  sufficiently 
accurate  for  mattes  and  crude  copper,  but  for  refined  copper  the  following 
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procedure  is  recommended :  The  copper  (usually  10  grams)  is  dissolved  in 
60  cc.  of  nitric  acid  (sp.  gr.  1.42)  and  15  cc.  of  hydrochloric  acid  (sp.  gr.  1.2), 
over  an  alcohol  flame.  The  hydrochloric  acid  is  removed  by  repeated  evap- 
oration with  nitric  acid,  the  slightly  acid  solution  filtered,  diluted  to  at  least 
600  cc,  and  introduced  into  an  Edison  incandescent  lamp  circuit.  The  nega- 
tive electrode  should  measure  about  20  square  inches,  and  the  current  from 
two  sixteen  candle  power  lamps  (parallel)  suffices  to  deposit  the  copper  in  one 
night.  The  sulphuric  acid  is  precipitated  from  the  liquid,  now  free  from  cop- 
per, after  removal  of  the  nitric  acid  by  evaporation  with  hydrochloric  acid. 
Sodium  carbonate  is  added  in  small  amount  to  prevent  loss  of  sulphuric  acid, 
and  blank  analyses  are  always  necessary.  If  lead  be  present,  it  is  mainly  pre- 
cipitated by  the  current,  but  if  its  presence  on  any  of  the  filters  is  suspected 
they  must  be  boiled  with  sodium  carbonate  solution. 

Acidimetric  Estimation  of  Vegetable  Alkaloids.  A  Study  of 
Indicators.  By  Lyman  F.  Kebler.  /.  Am.  Chem.  Sot.,  17,  822-831. 
J.  Frank/in  Inst.,  141,  141-147.  —  The  paper  presents  the  results  obtained 
from  the  use  of  five  indicators  for  the  titration  of  alkaloids,  great  care  being 
taken  to  insure  accuracy.  An  extract  of  Brazil  wood  was  prepared  by  boil- 
ing 3  grams  of  the  wood  with  10  cc.  of  water,  after  which  it  was  cooled 
and  filtered.  Of  this  solution  three  drops  were  used  in  titration,  and  the 
end-point  was  considered  to  be  the  change  from  yellow  to  onion-red.  Coch- 
ineal and  litmus  were  prepared  according  to  the  directions  in  Sutton's  "Vol- 
umetric Analysis,"  6th  edition.  Five  drops  of  cochineal  and  ten  drops  of 
litmus  were  used.  The  end-point  chosen  with  the  former  was  the  change 
from  yellow  to  bluish  red,  with  the  latter  from  red  to  onion-red.  The  methyl 
orange  solution  contained  one  gram  per  liter;  that  of  hajmatoxylin  one  gram 
in  100  cc.  of  strong  alcohol,  and  the  end-points  were  red  to  straw-yellow 
and  yellow  to  brown-orange,  respectively.  Three  drops  of  the  hematoxylin 
and  five  drops  of  the  methyl  orange  solution  were  used.  With  normal 
solutions  of  sulphuric  acid  and  potassium  hydrate  the  author  could  detect 
no  difference  in  sensitiveness  of  "most  of  the  indicators."  The  titration 
of  pure  alkaloids  was  conducted  as  follows :  If  they  are  soluble  in  alcohol, 
two  grams  were  dissolved  in  that  solvent  and  the  volume  finally  brought 
to  100  cc.  Of  this  solution  10  cc.  were  taken,  the  requisite  amount  of  in- 
dicator solution  added,  and  then  a  slight  excess  of  decinormal  acid.  After 
agitation  and  the  lapse  of  a  few  minutes,  the  sides  of  the  beaker  were  well 
washed  down  with  water  (about  40  cc),  and  the  excess  of  acid  determined  by 
titration  with  centinormal  alkali.  If  the  alkaloid  examined  was  not  freely 
soluble  in  alcohol,  the  two  grams  of  the  substance  were  mixed  with  75  cc.  of 
the  decinormal  acid,  and  warmed  on  the  water  bath  with  some  shaking  until 
the  alkaloid  had  dissolved.  When  cold,  the  solution  was  made  up  to  100  cc, 
and  iocc.  measured  off  for  examination.  After  the  addition  of  the  indicator, 
and  dilution  to  50  cc,  the  excess  of  acid  was  determined  by  titration  with  the 
centinormal  alkali.  This  procedure  yields  satisfactory  results  as  applied  both 
to  pure  and  crude  alkaloids.  For  the  extraction  of  the  alkaloid  from  its  natu- 
ral sources  the  following  procedure  is  given  :  About  10  grams  of  the  drug  are 
shaken  with  25  grams  of  chloroform  and  75  grams  of  ether,  then  10  grams  of 
10  per  cent,  ammonia  water  are  added,  and  the  mixture  is  shaken  at  intervals 
for  an  hour.  On  the  further  addition  of  5  grams  of  the  ammonia,  the  powder 
collects  together  and  the  liquid  will  clear.  Of  the  liquid  50  grams  are  taken 
and  (1)  placed  in  a  beaker,  the  solvent  evaporated  on  the  water  bath,  10  cc.  of 
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ether  added  and  again  evaporated,  the  residue  dissolved  in  alcohol  and  titra- 
ted as  above,  or  (2)  placed  in  a  separatory  funnel,  treated  with  20  cc.  of  acid- 
ulated water  (the  operation  being  twice  repeated),  and  the  aqueous  solution 
separated,  and  made  alkaline  in  another  separatory  funnel  with  ammonia 
water,  and  shaken  with  three  portions  (20  cc,  15  cc,  and  15  cc.)  of  a  mixture 
of  three  parts  by  volume  of  chloroform  and  one  part  ether.  This  mixture  is 
collected  in  a  tared  beaker,  the  varnishlike  residue  twice  treated  with  8  cc  of 
ether,  and  evaporated  on  a  water  bath,  and  dried  to  constant  weight.  This 
is  subsequently  dissolved  in  alcohol  and  titrated  as  above.  The  results  are 
slightly  lower  than  by  Keller's  process.  —  It  appears  that  methyl  orange 
is  not  reliable  as  an  indicator  in  these  processes,  nor  is  litmus,  if  prepared 
according  to  Sutton.  Haematoxylin  yields  the  most  satisfactory  results,  and 
Brazil  wood  follows  in  order,  while  cochineal  can  also  be  relied  upon.  The 
paper  is  accompanied  by  a  list  of  references  to  the  "  more  valuable  liter- 
ature "  on  indicators  for  the  last  ten  years. 

On  the  Analysis  of  Alloys  of  Lead,  Tin,  Antimony,  and 
Arsenic.  By  Launcelot  Andrews.  /.  Am.  Client.  Soc.,  17,  869-873.  — 
The  attempted  volatilization  of  the  tin  and  antimony  as  chlorides,  or  by  treat- 
ment with  bromine  and  hydrochloric  acid,  was  unsuccessful.  The  antimony, 
tin,  and  arsenic  were  completely  separated  from  the  lead  by  heating  to  2100  C. 
in  a  current  of  hydrochloric  acid  gas  which  had  passed  through  nitric  acid 
(1.50  sp.  gr,).  The  lead  remains  as  pure  chloride  ;  the  other  metals  were  sep- 
arated in  the  distillate  by  Gooch  and  Phelps'  {Ztschr.  Anal.  Client.,  7,  123),. 
and  Carnot's  method  (Ztschr.  Anal.  Chem,  88,  650).  It  is  noted  that  in  the 
latter  method  the  solution  should  be  boiled  rapidly  until  one  fourth  is  boiled 
away,  and  that  the  oxalic  acid  must  be  in  excess  as  regards  the  thiosulphate. 
As  a  second  method  for  the  separation  the  following  was  found  useful.  The 
turnings  of  the  alloy  are  boiled  with  hydrochloric  acid  (sp.gr.  1.10)  and  potas- 
sium iodide.  The  antimony  remains  undissolved,  and  may  be  removed  by  fil- 
tration on  a  Gooch  filter,  washed  free  from  lead  iodide,  and  converted  to  sul- 
phide by  heating  with  sulphur  in  a  current  of  carbonic  acid.  The  results  are 
satisfactory.  The  author  recommends  the  use  of  an  ordinary  Argand  burner, 
with  chimney,  for  operations  where  constant  and  easily  regulated  temperature 
is  required. 

The  Determination  of  Graphite  in  Pig  Iron.  By  P.  W.  Shimer. 
J.  Am.  Chem.  Soc,  17,  873-876.  —  The  author  finds  that  the  residual  carbon 
left  after  treating  an  iron  with  hydrochloric  acid  contains  not  only  the  graph- 
ite, but  also  titanium  carbide,  while  the  residue  from  nitric  acid  is  graphitic 
carbon  only.  In  a  sample  of  iron  containing  3.334  per  cent,  total  carbon, 
the  graphite  by  nitric  acid  was  3.206  per  cent.;  by  hydrochloric  acid,  3.327 
per  cent.;  indicating  in  the  former  case,  0.128  per  cent,  combined  carbon, 
and  in  the  latter  case,  0.007  Per  cent.  Gentle  boiling  for  an  hour  with  nitric 
acid  (sp.  gr.  1.2)  did  not  cause  oxidation  of  the  graphite  in  the  sample  ex- 
amined. Since  the  crystals  of  titanium  carbide  can  be  seen  distributed 
through  the  mass  of  the  iron,  and  since  this  carbon  so  combined  does  not 
probably  influence  the  hardness  to  any  extent,  it  is  suggested  that  it  may  be 
advisable  to  determine  not  alone  the  total  carbon  and  the  graphitic  residue 
from  nitric  acid,  but  also  the  residue  from  hydrochloric  acid,  and  from  these 
to  determine  the  amount  of  carbon  as  titanium  carbide,  and  of  carbon  com- 
bined with  iron  and  manganese. 
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On  the  Volumetric  Determination  of  Titanic  Acid  and  Iron  in 
Ores.  By  H.  L.  Wells  and  W.  L.  Mitchell.  /.  Am.  Chem.  Soc,  17,  878- 
883.  —  The  ore  (10  grams)  is  dissolved  in  100  cc.  of  concentrated  hydro- 
chloric acid  by  heating  for  several  hours,  with  renewal  of  the  acid.  When 
no  further  action  is  apparent,  5c  cc.  of  equal  parts  of  sulphuric  acid  and 
water  are  added,  and  the  hydrochloric  acid  is  expelled  by  evaporation.  After- 
dilution  and  solution  of  the  sulphates,  the  liquid  is  filtered  and  any  suspicious 
residue  brought  into  solution  by  fusion  with  potassium  disulphate.  Aliquot 
parts  of  the  solution  of  the  ore  are  placed  in  Erlenmeyer  flasks  ;  the  iron  in 
two  of  them  is  reduced  by  sulphuretted  hydrogen,  and  titrated  with  potassium 
permanganate.  To  other  portions  25  cc.  of  concentrated  sulphuric  acid  are 
added,  and  the  iron  and  titanium  reduced  at  a  boiling  temperature  by  a 
rod  of  zinc,  and  cooled  in  an  atmosphere  of  carbonic  acid.  The  zinc  is 
removed,  and  the  iron  and  titanium  titrated  with  potassium  permanganate, 
the  titanium  being  estimated  from  the  two  titrations  by  dividing  the  factor 
for  metallic  iron  by  0.7.  It  is  necessary  to  use  great  care  to  prevent  the 
oxidation  of  the  reduced  titanium  compound  by  admission  of  atmospheric 
oxygen.  The  results  obtained  were  not  in  a  high  degree  accurate,  but  the 
authors  consider  them  more  reliable  than  those  ordinarily  resulting  from 
gravimetric  determinations. 

The  Evolution  Method  for  the  Determination  of  Sulphur  in 
White  Cast  Iron.  By  Francis  C.  Phillips.  /.  Am.  Chem.  Soc,  17, 
891-900.  —  In  an  exhaustive  paper  the  author  gives  an  account  of  a  series  of 
experiments  which  show  that  when  an  iron  is  treated  with  hydrochloric  acid 
in  the  ordinary  procedure,  a  portion  only  of  the  sulphur  is  evolved  as  sulphu- 
retted hydrogen,  while  sulphur  may  be  found  in  the  form  of  organic  sulphur 
compounds  in  the  oily  drops  which  collect  in  the  flask,  and  which  also  remain 
with  the  ferrous  chloride  solution,  and  are  even  found  in  the  insoluble  residue. 
These  compounds  are  probably  of  the  character  of  organic  sulphides  or  sul- 
phydrates,  and  resist  oxidation  to  sulphuric  acid.  The  author  recommends 
that  the  decomposition  of  the  iron  by  hydrochloric  acid  (sp.  gr.  1.12)  take 
place  in  a  flask  in  an  atmosphere  of  carbonic  acid.  The  escaping  gas  is 
led  through  a  porcelain  tube  heated  to  redness,  containing  a  roll  of  platinum 
foil.  The  delivery  tube  is  so  arranged  that  any  oil  that  falls  from  it  drops 
upon  the  platinum  foil,  and  the  boiling  is  continued  until  the  oily  drops  are 
all  driven  over,  which  may  require  two  hours.  The  gases  pass  through  bro- 
mine in  hydrochloric  acid,  and  then  to  the  bottom  of  an  eight-liter  bottle  con- 
taining some  of  the  bromine  solution.  The  latter  precaution  is  essential  for 
the  complete  condensation  of  the  sulphuric  acid.  The  results  by  this  method 
are  concordant  with  those  obtained  by  Blair's  aqua  regia  method. 

On  the  Volumetric  Determination  of  Lead.  By  Allerton  S. 
iman  and  J.  Hayes-Campbell.  /.  Am.  Chem.  Soc,  17,  901-904.  — 
The  authors  propose  a  modification  of  the  Schwartz  method  (Dingl.poly.J., 
169,  284)  as  follows:  The  ore  is  decomposed  by  nitric  and  sulphuric  acids, 
the  former  expelled,  and  the  lead  sulphate  washed  by  decantation.  The  sul- 
phate is  then  dissolved  in  ammonium  acetate  solution,  and  an  excess  of  stand- 
ard potassium  bichromate  solution  is  added,  the  lead  chromate  filtered  off  and 
washed  with  ammonium  acetate  solution,  and  the  excess  of  the  bichromate  is 
determined  in  the  filtrate  by  titration  with  a  standard  solution  of  ferrous  am- 
monium sulphate.     If  no  bismuth  or  antimony  be  present,  the  Ore  can  be  di- 
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rectly  dissolved  i.i  nitric  acid,  neutralized  with  ammonia,  and  acetic  acid  added 
in  slight  excess.  The  results  obtained  were  slightly  low,  but  represent  about 
99.6  per  cent,  of  the  true  value. 

On  the  Estimation  of  Phosphoric  Acid  by  Titration  of  the 
Ammonium  Phosphomolybdate  Precipitate  with  Standard  Alkali. 
By  B.  W.  Kilgore.  J.  Am.  Client.  Soc,  17,  950-968.  —  As  the  result  of  a 
long  series  of  experiments  described  in  the  paper  the  following  procedure  is 
recommended.  Two  grams  of  the  substance  are  taken  for  analysis.  If  it  is  of 
an  organic  nature  it  is  evaporated  with  5  cc.  of  magnesium  nitrate  solution, 
ignited,  and  dissolved  in  hydrochloric  acid  ;  ordinary  phosphates  or  fertilizers 
are  dissolved  in  30  cc.  of  concentrated  nitric  acid,  with  a  small  quantity  of 
hydrochloric  acid,  or  in  30  cc.  concentrated  hydrochloric  acid,  with  the  addi- 
tion of  potassium  chlorate  ;  phosphates  containing  considerable  iron  are  dis- 
solved in  15  to  30  cc.  strong  hydrochloric  acid,  and  5  to  10  cc.  of  nitric  acid. 
The  solution  is  made  up  to  200  cc,  and  20  cc.  are  measured  off  if  the  percent- 
ages are  above  five,  or  40  cc.  if  below  five,  and  5  or  10  cc.  of  nitric  acid,  ac- 
cording to  the  method  of  solution.  Ammonia  is  then  added  until  precipitation 
begins,  the  solution  is  diluted  to  75  or  100  cc,  digested  in  a  water  bath  at  6o° 
to  650  C,  and  precipitated  with  a  filtered  molybdate  solution,  avoiding  a  large 
excess.  After  standing  in  the  bath  six  minutes  the  solution  is  filtered  as 
quickly  as  possible  on  a  three-inch  Hirsch  funnel,  or  a  Gooch  crucible  with 
paper  disks.  The  former  is  strongly  recommended.  The  precipitate  is 
washed  twice  by  decantation  with  dilute  nitric  acid,  once  by  decantation  with 
a  3  per  cent,  potassium  or  ammonium  nitrate  solution,  and  finally  on  the  filter 
with  water  until  no  longer  acid.  The  precipitate  and  filter  are  then  washed 
into  a  beaker,  potassium  hydroxide  is  added  in  excess,  and  the  excess  deter- 
mined by  titration  with  nitric  acid.  Phenolphthalein  is  used  as  an  indicator. 
Solutions  containing  less  than  1  per  cent,  of  phosphoric  acid  may  require 
eight  or  ten  minutes  for  precipitation. 

Estimation  of  Phosphoric  Acid  in  Soils  by  Double  Precipita- 
tion with  Molybdic  Solution  and  Titration  of  the  Ammonium 
Phosphomolybdate  with  Standard  Alkali.  Bv  C.  B.  Williams. 
J.Am.  Chem.  Soc,  17,  925-927.  —  The  procedure  recommended  is  the  follow- 
ing :  The  soil  is  digested  with  hydrochloric  acid  (sp.  gr.  1.115)  at  100°  C.  for 
ten  hours.  Extracts  are  also  obtained  by  digestion  with  1  per  cent,  citric 
acid  and  0.63  per  cent,  oxalic  acid  for  five  hours  at  laboratory  temperature. 
The  organic  matter  in  all  the  extracts  is  destroyed  by  evaporation  to  very 
small  bulk,  after  the  addition  of  three  times  as  much  concentrated  nitric  acid 
as  the  volume  of  the  solution,  or,  in  the  case  of  the  organic  extracts,  by  igni- 
tion and  repeated  addition  of  nitric  acid.  After  dilution  to  a  convenient  vol- 
ume, portions  are  measured  off  corresponding  to  18  or  20  grams  of  soil  (or  1 
to  2  grams  in  the  case  of  the  hydrochloric  acid  solution),  ammonium  nitrate 
is  added  in  considerable  quantity,  then  an  excess  of  ammonium  molybdate  at 
400  C.  After  four  hours  the  precipitate  is  filtered  off,  washed  twice  with  water, 
and  dissolved  in  dilute  ammonia.  Nitric  acid  is  added  until  precipitation 
begins,  then  10  grams  of  ammonium  nitrate;  the  whole  is  digested  at  65°, 
2  cc.  of  concentrated  nitric  acid  are  added  with  stirring,  it  is  allowed  to  stand 
five  minutes,  2  cc.  of  molybdate  solution  are  added,  and  after  eight  minutes  it 
is  filtered,  washed,  and  titrated  according  to  the  method  given  in  the  Methods 
of  the  Association  of  Official  Agricultural  Chemists  for  1895. 
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The  Determination  of  Phosphoric  Acid  by  the  Molybdate- 
Magnesia  Method  and  by  Volumetric  Method.  By  B.  W.  Kilgore. 
J.  Am.  Cfiem.  Soc,  17,  941-943.  The  author  presents  data  confirming  a  pre- 
viously expressed  opinion  (/.  Am.  C/iem.  Soc.,  16,  793),  that  the  results  ob- 
tained by  chemists  in  general  with  the  molybdate  method  are  too  high,  prob- 
ably due  to  the  precipitation  of  an  excess  of  magnesia  with  the  magnesium 
ammonium  phosphate.  The  volumetric  method  as  officially  prescribed  seems 
to  yield  more  accurate  and  closely  concordant  results  in  the  hands  of  various 
chemists,  than  the  molybdate-magnesia  method. 

The  Volumetric  Estimation  of  Manganese.  Bv  George  Auchy. 
J.Am.  Chem.  Soc.,  943-947. —  The  author  is  of  the  opinion  that  Low's  method 
is  not  always  reliable  ;  that  the  Williams  method  will  generally  yield  satisfac- 
tory results,  but  should  be  checked  by  the  use  of  the  Volhard  method.  The 
following  precautions  are  suggested  in  connection  with  the  latter  method : 
The  amount  of  sulphuric  acid  used  to  replace  the  nitric  acid  should  not  be 
so  large  as  to  cause  bumping.  The  sulphates  should  be  dissolved  in  hot  water 
before  complete  cooling,  to  avoid  the  formation  of  a  red  residue  containing 
manganese.  An  excess  of  zinc  oxide  is  to  be  avoided,  and  after  each  addition 
of  permanganate  the  flask  is  shaken  until  a  clear  yellow  is  obtained  before 
further  addition  takes  place.  It  is  also  suggested  that  hydrochloric  acid  may 
be  introduced  to  advantage  if  the  solution  spatter  and  bump  after  sulphuric 
acid  is  added.  Sal  soda  may  be  substituted  for  the  anhydrous  sodium  car- 
bonate in  the  preliminary  neutralization,  but  a  correction  must  then  be  made 
for  permanganate  consumed  by  the  sal  soda. 

An  Improvement  in  the  Zinc  Reductor  for  the  Determination 
of  Iron  or  Phosphorus.  By  A.  G.  McKevna.  Proc.  Eng.  Soc.  JV.  Pa., 
11,  227-230.  —  The  author  recommends  the  use  of  amalgamated  zinc  in  the 
reductor  to  diminish  both  the  evolution  of  hydrogen  during  filtration,  and 
the  unnecessary  consumption  of  zinc.  A  special  form  of  tube  is  employed 
for  the  reductor,  which  is  provided  with  a  stopcock  to  regulate  the  flow. 
A  small  plug  of  asbestos  is  placed  above  the  stopcock,  and  over  this  about 
300  grams  of  the  amalgamated  zinc,  prepared  by  stirring  it  in  a  beaker  with 
about  5  grams  of  mercury  and  25  cc.  of  5  per  cent,  sulphuric  acid.  The 
reduction  of  the  iron  or  molybdenum  is  prompt  and  complete.  The  usual 
care  must  be  taken  to  avoid  the  passage  of  air  (with  formation  of  hydrogen 
peroxide),  and  to  insure  complete  preliminary  washing  of  the  reductor  with 
dilute  acid. 

Methods  in  Use  in  the  Laboratory  of  the  Duquesne  Steel 
Works.  By  J.  M.  Camp.  Proc.  Eng.  Soc.  W.  Pa.,  11,  251-265. — The 
paper  presents  a  concise  account  of  the  methods  employed  in  the  laboratory 
named,  for  the  analysis  of  irons  and  steels,  and  in  some  cases  also  iron  ores, 
for  phosphorus,  iron,  manganese,  silicon,  sulphur,  nickel,  and  carbon. 

H.  Fay,  Abstracter. 

The  Iodide  Assay  for  Copper.  By  Albert  H.  Low.  Eng.  Min.  J. 
59,  124.  —  The  author  makes  use  of  the  reaction  between  copper  salts  and 
potassium  iodide  by  which  cuprous  iodide  is  precipitated  and  iodine  set  free, 
which  can  be  titrated  with  sodium  thiosulphate.  —  One  gram  of  the  ore  is 
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treated  with  10  cc.  strong  nitric  acid  and  then  with  hydrochloric  acid,  and 
finally  heated  with  sulphuric  acid  until  fumes  of  sulphur  trioxide  are  given  off. 
The  solution  is  diluted  with  40  cc.  of  water,  and  lead  sulphate  is  filtered  off. 
The  copper  is  then  precipitated  by  placing  in  the  solution  a  piece  of  alumi- 
num, washed  with  water  by  decantation,  and  then  redissolved  in  nitric  acid 
and  evaporated  to  small  bulk.  The  excess  of  nitric  acid  is  neutralized  by 
boiling  with  an  excess  of  ammonia,  and  6  cc.  of  glacial  acetic  acid  are 
added.  An  excess  of  potassium  iodide  is  now  added,  and  the  liberated  iodine 
is  titrated.  The  sodium  thiosulphate  is  standardized  by  means  of  pure  cop- 
per, and  the  process  is  carried  out  just  the  same  as  described  for  copper 
matte  after  the  redissolving  of  the  precipitated  copper.  It  is  essential  that 
no  nitrate  of  copper  or  free  nitric  acid  be  present  when  the  titration  is  made. 
The  author  claims  that  the  accuracy  of  the  method  is  equal  to  that  of  the 
electrolytic  method. 

Magnetic  Oxide  of  Iron  in  Copper  Mattes.  By  Edward  Kellar. 
Eng.  Min.J.,  60,  465.  —  Ten  to  twenty  grams  of  the  matte  are  treated  with 
an  excess  of  strong  nitric  acid  and  allowed  to  stand  in  a  warm  place.  Sepa- 
rated sulphur  is  oxidized  by  the  addition  of  some  potassium  chlorate.  The 
beaker  containing  the  solution  is  placed  on  the  poles  of  a  horseshoe  magnet, 
and  the  solution  is  decanted.  By  this  means  the  magnetic  oxide  of  iron  is 
kept  on  the  bottom  of  the  beaker,  and  may  be  washed  free  from  other  sub- 
stances and  dried  for  analysis. 

Contributions  to  the  Chemistry  of  the  Cyanide  Process.  By 
E.  A.  Schneider.  Eng.  Min.J.,  60,  489.  —  The  reaction  between  cobalt 
acetate  and  potassium'cyanate,  by  which  the  blue  double  salt  K2CO(CNO)4  is 
formed,  is  made  use  of  for  the  detection  of  small  quantities  of  potassium 
cyanate  in  potassium  cyanide.  The  cyanide  to  be  tested  is  dissolved  in  as 
little  water  as  possible,  and  most  of  the  cyanide  is  precipitated  with  absolute 
alcohol.  The  cyanide  now  remaining  in  the  filtrate  from  the  above  precipita- 
tion is  decomposed  by  a  current  of  carbon  dioxide,  and  the  potassium  carbon- 
ate is  filtered  off.  To  the  filtrate  is  added  the  cobalt  acetate.  The  blue  color 
is  more  intense  in  concentrated  solutions  and  in  presence  of  alcohol.  From 
1  to  0.35  parts  of  potassium  cyanate  can  be  detected  in  100  parts  of  potassium 
cyanide. 

Proximate  and  Technical  Analysis. 

A.  H.  Gill,  Abstracter. 

On  the  Technical  Analysis  of  Asphalt.  By  Samuel  P.  Sadtler. 
Am.  Gas  Light/.,  63,  779.  /.  Franklin  Inst.,  140,  383-386.  —  Instead  of  ex- 
tracting with  petroleum  ether,  turpentine,  and  chloroform,  as  recommended 
by  Miss  Linton  (/.  Am.  Client.  Soc.,  16,  809),  which  is  tedious  and  involves  the 
use  of  solvents  of  variable  composition,  the  samples  are  extracted  with  acetone 
and  chloroform.  The  method  is  as  follows  :  an  asbestos  filter  is  made' in  a 
Gooch  crucible  and  dried  ;  upon  this  is  placed  about  10  grams  fine  white 
sand  which  has  been  ignited  and  dried,  a  piece  of  stout  platinum  wire,  and 
the  whole  dried  to  a  constant  weight  at  100°.  One  to  two  grams  of  the  as- 
phalt or  maltha  are  mixed  with  the  sand,  care  being  taken  not  to  disturb  the 
asbestos,  and  the  crucible  and  contents  again  dried  to  a  constant  weight  at 
100°.     The  loss  is  called  "moisture  and  loss  at  iooc  C."     The  crucible  and 
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contents  are  placed  in  an  extraction  apparatus,  consisting  of  a  small  perco- 
lator held  by  a  perforated  cork  in  a  large  one  connected  with  the  flask  hold- 
ing the  solvent  and  a  reflux  condenser.  Acetone  is  first  used,  the  extraction 
being  continued  until  the  weight  is  constant  within  1  or  2  milligrams  after  two 
hours' extraction.  The  loss  of  weight  is  called  "petrolene;"  chloroform  is 
next  used,  the  final  loss  being  "total  bitumen"  (asphaltene).  The  residue 
in  the  crucible  is  "  organic  non-bitumen  "  and  mineral  matter,  and  on  being 
ignited  the  "ash"  or  "mineral  matter"  is  left.  The  time  of  extraction  varies 
with  the  various  asphalts,  being  about  twelve  hours  with  acetone  and  eight 
with  chloroform.  The  loss  in  weight  should  be  taken  first  after  four  hours, 
and  then  every  two  hours  until  the  extraction  is  complete,  the  crucible  and 
contents  being  dried  at  ioo°  each  time. 

The  Proximate  Analysis  of  Coal.  By  S.  \V.  Parr.  Am.Eng.R.R.J., 
39,  374-5.  —  Moisture  is  determined  by  heating  one  hour  in  an  air  bath  to 
io5°-i  io°  C. ;  Volatile  matter,  by  heating  fifteen  minutes  in  a  porcelain  cruci- 
ble in  a  furnace  similar  to  Hempel's,  with  a  triple  burner.  Ash  is  determined 
by  burning  the  coke  found  above  in  a  stream  of  oxygen. 

Method  of  Determining  the  Specific  Gravity  of  Oils  and  Other 
Liquids.  Chemistry  as  applied  to  Railroads.  Second  Series.  By  C.  B. 
Dudley  and  F.  N.  Pease.  Am.  Eng.  R.  R.J.,  39,  449-451.  —  Careful  direc- 
tions, with  illustrations,  are  given  for  the  determination  of  specific  gravity  by 
the  hydrometer,  the  Westphal  Balance,  and  the  pyknometer. 

The  Determination  of  Methane  and  Hydrogen  by  Explosion. 
By  Augustus  H.  Gill  and  Samuel  P.  Hunt.  /.  Am.  Chem.  She,  17,  986- 
994.  — The  authors  were  struck  by  the  fact  that  the  determination  of  the  con- 
stituents of  a  gaseous  mixture  by  explosion  is  by  no  means  as  accurate  as 
that  made  by  absorption  with  Hempel's  apparatus.  Mixtures  of  methane, 
hydrogen,  and  nitrogen  were  made  and  analyzed  (1)  by  one  explosion  with 
oxygen  ;  (2)  by  two  explosions  with  oxygen,  and  (3)  by  one  explosion  with 
air,  using  necessarily  about  one  third  as  much  gas.  It  was  found  that  the 
results  obtained  by  the  first  method  were  accurate  to  less  than  0.5  per  cent. 
of  the  methane  and  0.3  per  cent  of  the  hydrogen  ;  those  by  the  second  method 
to  within  0.2  and  0.3  per  cent.,  respectively;  and  those  by  the  third  to  within 
0.9  and  7.5  per  cent.,  respectively.  They  find,  also,  that  pure  methane  cannot 
be  obtained  by  heating  soda  lime  with  sodium  acetate,  and  that  for  the  accu- 
rate determination  of  hydrogen  the  Hempel  ratio  of  1  :  6  for  explosive  to 
inert  gases  must  be  closely  adhered  to.  They  find  further  that  when  a  mixture 
of  methane  and  hydrogen  is  exploded  with  a  quantity  of  oxygen  insufficient 
for  both,  but  more  than  sufficient  for  either,  about  60  per  cent,  of  the  hydro- 
gen, 25  per  cent,  of  the  methane,  and  50  per  cent,  of  the  oxygen  are  con- 
sumed. 

Geological  and  Mineralogical  Chemistry. 

\Y.  O.  Crosby,  Abstracter. 

The  Constitution  of  the  Silicates.  By  P.  W.  Clarke.  Bull.  U.  S. 
Geol.  Surrey,  No.  125,  1-109.  —  If  all  of  the  silicates  were  salts  of  a  single 
silicic  acid,  the  problem  of  their  constitution  would  be  relatively  simple  ;  but 
this  is  not  the  case.     Many  silicic  acids  are  theoretically  possible,  and  several 
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of  them  have  representatives  in  the  mineral  kingdom,  although  the  acids 
themselves,  as  such,  are  not  known.  Their  nature  must  be  inferred  from 
their  salts,  and  especially  from  their  ethers,  and  this  side  of  the  problem 
is  the  first  to  be  considered.  Since  silicon  is  quadrivalent,  its  ortho  acid  is 
necessarily  represented  by  one  atom  of  the  element  united  with  four  hydroxyl 
groups,  thus  Si(OH)4.     To  this  orthosilicic  acid  the  normal  silicic  ethers  and 

many  common  minerals  correspond.     Its  normal  salts  are  :  R'Si04,  R"Si04, 

R"'(Si04)8,  RraSi04.     Any  silicate  in  which  the  oxygen  atoms  outnumber  the 

silicon  atoms  by  more  than  four  to  one,  as  in  Al2Si05,  must  be  regarded  as 
a  basic  salt.  By  the  elimination  of  water  orthosilicic  acid  may  be  conceived 
as  yielding,  first,  metasilicic  acid,  H2SiOs,  and,  secondly,  the  anhydride,  Si02. 
Corresponding  to  metasilicic  acid  many  salts  are  known,  but  as  yet  no  ethers 
have  certainly  been  obtained.  In  like  manner,  by  the  elimination  of  varying 
proportions  of  water,  are  derived  three  other  acids  —  diorthosilicic,  dimeta- 
silicic,  and  trisilicic  —  which  are  also  represented  among  native  silicates.  If 
the  natural  silicates  were  simple  normal  salts  of  the  five  silicic  acids,  the 
problem  of  their  constitution  would  not  be  difficult;  but  the  greater  number 
are  double  salts,  and  even  triple  replacements  are  not  uncommon.  Further- 
more, there  are  acid  and  basic  salts  to  be  interpreted,  and  the  latter  class  is 
shown  to  offer  especially  serious  difficulties.  A  hasty  glance  over  the  entire 
field  of  the  natural  silicates  will  show,  first,  that  many  of  them  are  most  easily 
interpreted  as  orthosilicates,  and,  secondly,  that  by  far  the  greater  number 
are  salts  of  aluminum.  Attention  is  specially  called  to  the  fact  that  aluminum 
is  now  properly  regarded  as  a  trivalent  metal,  and  twelve  minerals  are  cited 
as  derivatives  from  normal  aluminum  orthosilicate,  Al4(Si04)3.  Among  the 
orthosilicates  of  aluminum  and  other  triads,  including  ferric  oxide,  are  com- 
prised :  (1)  the  nephelite  type,  in  which  a  single  aluminum  atom  is  replaced 
by  three  monads  ;  (2)  the  garnet-biotite  type,  in  which  two  atoms  of  aluminum 
have  been  replaced  partly  by  univalent  and  partly  by  bivalent  atoms;  (3)  the 
feldspars  and  scapolites,  which  are  regarded  as  more  or  less  complex  mixtures 
of  orthosilicates  and  trisilicates ;  (4)  the  normal  zeolites,  which  may  be  re- 
garded as  substitution  derivatives  of  the  feldspars ;  (5)  the  micas  and  chlo- 
rites,  which  are  found  to  constitute  a  very  complete  series  of  derivatives  by 
substitution  from  aluminum  orthosilicate,  replacing  in  succession  one,  two, 
and  three  of  the  four  atoms  of  aluminum  ;  (6)  the  tourmaline  group,  which 
is  characterized  by  containing  boron,  and  also  by  the  constant  relation  of  the 
different  types  to  the  micas.  Each  of  these  groups  is  discussed  in  great 
detail,  with  elaborate  structural  formula;  for  all  the  leading  species.  In  like 
manner  are  treated  the  orthosilicates  of  dyad  bases  and  tetrad  bases.  And 
then  follow  briefer  chapters  on  the  diorthosilicates,  and  the  meta  and  dimeta- 
silicates.  The  complexity  and  detail  of  this  paper  are  somewhat  relieved  by 
the  summary  in  which  the  formula?  for  all  the  species  considered  are  classified 
and  tabulated. 

The  Bauxites.  A  Study  of  a  New  Mineralogical  Family.  By 
Francis  Laur.  Trans.  Am.  Inst.  Mining  Eng.,  24,  234-242.  —  A  historical 
sketch  of  the  discovery  and  uses  of  bauxite  is  followed  by  the  distinction  of 
five  varieties  based  upon  composition.  It  is  first  noted,  however,  that  a  study 
of  all  available  analyses  shows  one  constant,  alumina  (A1203),  which  varies 
but  little  from  68  to  70  per  cent.,  and  three  variables,  water,  silica,  and  ferric 
oxide,  and  the  sum  of  the  weights  of  these  is  constant  also  at  about  27  per 
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cent.  This  gives  for  the  centesimal  formula  of  the  bauxites  68  to  70  Al2Os 
-f-  27  (SiOo,  Fe.,03,  H20)  -f-  4  (sundry  accessories).  The  three  variables  may 
replace  each  other  almost  indefinitely  without  changing  their  total  of  27  per 
cent.  The  basis  or  essential  compound  of  bauxite  is  bihydrate  of  alumina 
(hydrargillite)  with  about  27  per  cent,  of  water,  and  the  proportion  of  water 
decreases,  in  general,  with  increase  of  ferric  oxide  and  silica,  the  alumina 
playing  the  part  of  an  acid  toward  the  ferric  oxide  and  of  a  base  toward  the 
silica.  The  five  distinct  types  are  as  follows  :  1.  Hydrargillite  (the  pure  type 
of  bauxite).  2.  Pale  bauxite  (hydrargillite  with  basic  silicate  of  alumina). 
3.  Maximal  siliceous  bauxite  (basic  silicate  of  alumina).  4.  Red  bauxite 
(hydrargillite  with  aluminate  of  iron).  5.  Maximal  ferruginous  bauxite  (alumi- 
nate  of  iron).  The  existence  of  definite  manganiferous,  titaniferous,  and  other 
varieties  is  regarded  as  probable  by  the  author.  He  calls  the  bauxites  natural 
lakes,  and  predicts  that  all  substances  capable  of  uniting  with  aluminum  hy- 
drate may  constitute  some  day,  mineralogically,  a  family  of  aluminum  com- 
pounds in  the  humid  way  as  numerous  as  the  aluminum  family  in  the  dry  way; 
and  the  existence  of  several  distinct  hydrates  is  noted  as  greatly  increasing 
the  possibilities.  The  author  believes  that  the  bauxites  originate  in  the  depo- 
sition of  gelatinous  alumina  and  the  combination  with  this  of  ferric  oxide,  etc., 
to  form  lakes.  In  the  discussion  of  this  paper  by  A.  E.  Hunt  numerous  analy- 
ses are  quoted,  and  he  shows  that  the  silica  varies  inversely  as  the  water  of 
hydration.  1 

The  Geological  Relations  of  the  Southern  Appalachian  Bauxite 
Deposits.  By  C.  WlLLARD  Haves.  Trans.  Am.  Inst.  Mining  Eng.,  24, 
243-254.  —  This  is  chiefly  a  stratigraphic  paper,  but  in  discussing  the  origin 
of  the  bauxites  of  Georgia  and  Alabama  the  author  advances,  as  if  it  were 
new,  the  explanation  proposed  thirty  years  ago  by  Dr.  T.  Sterry  Hunt,  viz., 
that  the  oxidation  of  pyrite  and  other  metallic  sulphides  in  deep-seated  alumi- 
nous shales  gives  rise  to  various  sulphates,  including  aluminum  sulphate  and 
alum,  and  the  reaction  of  these  sulphates  with  the  ubiquitous  carbonates 
(CaCO«)  produces  either  directly  or  by  subsequent  oxidation  flocculent  pre- 
cipitates of  aluminic  and  ferric  hydrates,  in  which  are  often  subsequently 
developed  during  solidification  the  pisolitic  structure  so  characteristic  of  both 
bauxite  and  limonite. 

Iron  Ores  of  East  Texas.  By  VV.  Kennedy.  Trans.  Am.  Inst.  Min- 
ing Eng,  24,  258-288.  —  The  iron  ore  deposits,  which  occur  in  nineteen  coun- 
ties, with  an  actual  area  of  1.000  square  miles,  are  referred  to  the  Eocene 
division  of  the  Tertiary ;  and  the  ores,  which  are  all  limonites,  are  classed  as 
nodular,  laminated,  and  conglomerate.  A  brief  historical  sketch  and  a  some- 
what extended  discussion  of  the  geology  of  the  deposits  are  followed  by  the 
chemical  analyses.  The  conglomerate  ores,  being  of  little  economic  interest, 
are  not  represented  in  the  analyses.  From  a  study  of  all  the  existing  analy- 
ses, the  normal  composition  of  the  ores  is  judged  to  be  as  follows :  Nodular 
ores:  Fe,  52.77  ;  P,  0.097  ;  8,0.148;  Si02,  9.73  ;  ratio,  P  :  Fe,  0.183.  Lami- 
nated ores  :  Fe,  45.84;  P,  0.114;  S,  0.076  ;  Si02,  14.91  ;  ratio,  P  :  Fe,  0.248. 
Numerous  analyses  classified  by  counties  are  next  given,  followed  by  analyses 
of  the  pig  iron  produced  from  the  ores.  Analyses  of  the  ores  and  irons  of 
other  Southern  States  are  then  quoted  for  comparison,  the  result  being  favor- 
able to  Texas,  as  regards  both  the  richness  and  purity  of  the  ores. 
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The  Phosphates  of  Tennessee.  By  Thomas  C.  Meadows  and 
Lytle  Brown.  Trans.  Am.  Inst.  Mining  Eng.,  24,  582-594.  — The  phosphate 
rock  forms  a  thin  layer  (1  to  4.5  feet)  in  the  Devonian  of  Middle  Tennessee. 
Twenty  determinations  of  the  proportion  of  bone  phosphate  in  the  rock  show 
a  variation  from  20.40  to  71.92  per  cent. 

Notes  on  Magnetite.  By  William  B.  Phillips.  Eng.  Mining  J.,  60, 
149-150,  176,  196-197. — The  author  has  endeavored  to  elucidate  the  ques- 
tions as  to  what  magnetite  really  is,  how  it  may  be  produced,  and  the  influ- 
ence exerted  by  the  amount  of  iron  as  protoxide  upon  the  practical  separation 
over  a  magnetic  concentrator.  The  chemical  constitution  and  structural 
formula  are  first  discussed,  and  the  conclusion  reached  that  magnetite  (Fe804) 
is  a  ferrous  ferrate,  as  red  lead  (Pb304)  is  a  plumbous  plumbate.  Numerous 
analyses  are  then  quoted  to  show  the  remarkable  variations  in  the  ratio  of 
FeO  to  Fe203,  the  extremes  being  1  : 0.38  and  1  :  47.02.  The  protoxide  of  iron 
is  stated  to  be  non-magnetic,  becoming  magnetic  by  partial  oxidation,  as  in 
the  preparation  of  artificial  magnetite  from  ferrous  carbonate,  while  the  ses- 
quioxide,  as  is  well  known,  becomes  magnetic  at  high  temperatures  through 
partial  deoxidation.  The  artificial  formation  of  a  magnetic  hydrous  oxide 
(Fe(OH2)Fe2Os)  is  noted.  The  proportion  of  partially  deoxidized  iron  re- 
quired for  the  efficient  concentration  of  hematites  is  believed  to  be  small,  and 
a  possible  economy  in  the  magnetization  of  these  ores  by  producer  gas  is  sug- 
gested. The  stability  of  magnetite  is  seen  in  the  fact  that  even  in  an  oxidiz- 
ing blowpipe  flame  it  does  not  readily  take  on  oxygen  and  lose  its  magnetism. 
A  practical  standard  of  magnetism,  or  means  of  grading  ores  for  magnetic 
concentration,  is  regarded  as  an  important  desideratum. 

A  Further  Contribution  to  Our  Knowledge  of  the  Laurentian. 
By  Frank  D.  Adams.  Am.  J.  Sci.,  50,  58-69.  —  The  author  describes  the 
stratigraphy  and  petrography  of  the  Laurentian  series  in  the  district  north  of 
Montreal  between  the  Ottawa  and  St.  Lawrence  Rivers.  The  rocks  include, 
besides  anorthosites  and  granites  of  undoubted  igneous  origin,  and  crystalline 
limestones  and  quartzites  which  must  be  altered  sedimentary  deposits,  exten- 
sive areas  of  gneisses  and  other  foliated  and  banded  rocks  whose  origin  can- 
not be  safely  inferred  from  stratigraphic  and  petrographic  characters.  For 
these  a  chemical  test  is  proposed,  based  upon  the  well-established  fact  that 
slates,  or  the  sedimentary  rocks  of  clastic  origin  which  are  poorest  in  alkalies, 
contain  on  an  average  about  two  thirds  of  the  amount  of  alkali  present  in  the 
average  granite.  Original  analyses  of  five  of  the  Laurentian  gneisses  are 
then  introduced,  and  comparison  shows  that  three  of  these  have  the  composi- 
tion of  slates,  while  the  other  two  are,  in  composition,  typical  granites. 

Mineralogical  Notes.  By  Wm.  H.  Hobbs,  with  Analyses  by  Herman 
Schlundt  and  Louis  Kahlenberg.  Am.  J.  Sci.,  50,  121-128.  —  1.  Cerus- 
site  with  superficial  film  of  galena  from  near  Missoula,  Montana.  A  complete 
analysis  shows  the  crystals  to  be  nearly  pure  cerussite,  and  the  coating  of 
galena,  being  due  to  the  replacement  of  C02  by  S  through  the  agency  of  H2S, 
is  a  typical  Umhiillungspseudomorphose  after  cerussite.  2.  Barite  and  manga- 
nite  from  the  Lucy  Mine,  Negaunee,  Michigan.  The  barite  was  not  analyzed. 
A  complete  analysis  of  the  manganite  crystals  agrees  closely  with  the  theo- 
retical composition,  after  deducting  between  3  and  4  per  cent  of  Mg,  Ca,  and 
Ba  carbonates.  3.  Chloritoid  from  blocks  on  the  south  shore  of  Michigamme 
Lake,  Michigan.     The    chloritoid   forms    large    crystals  in  a  phyllitic   schist, 
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which  is  composed  of  fine  scales  of  muscovite  with  large  flakes  of  biotite, 
and  contains  besides  the  chloritoid  small  amounts  of  tourmaline,  magnetite, 
and  quartz.  The  last  three  minerals  also  occur  as  inclusions  in  the  chlori- 
toid and  vitiate  the  analysis,  which  is  found  to  agree  quite  closely,  however, 
with  an  analysis  by  Jackson  of  masonite  from  Natick,  Rhode  Island.  4.  Apa- 
tite and  essonite  in  a  pegmatite  from  Canaan,  Connecticut.  No  analyses  were 
made  of  these  species. 

Calaverite  from  Cripple  Creek,  Colorado.  By  W.  F.  Hillebrand. 
Am.  J.  Sri.,  50,  128-131.  —  The  rich  telluride  ores  of  Cripple  Creek  carry, 
besides  the  gold,  a  small  amount  of  silver;  and  in  order  to  determine  whether 
the  metalliferous  mineral  is  calaverite  or  sylvanite  carefully  selected  samples 
from  three  different  mines  were  analyzed.  Omitting  obvious  impurities,  the 
atomic  ratio  of  tellurium  to  metal  was  found  in  each  case  to  be  very  nearly 
2  :  1,  as  required  for  both  calaverite  and  sylvanite  ;  but  the  low  percentages  of 
silver  (0.90,  1.77,  3.23)  refers  the  mineral  at  once  to  the  former  species,  and 
the  interesting  fact  is  noted  that  calaverite  has  not  heretofore  been  known  to 
carry  less  than  3  per  cent,  of  silver. 

On  the  So-called  Schneebergite.  By  A.  S.  Eakle  and  W.  Muth- 
Man.  Am.  J.  Sri.,  50,  244-246.  —  The  object  of  this  investigation  was  to 
determine  the  true  nature  and  validity  of  this  rare  species.  It  had  never 
before  been  quantitatively  analyzed;  but  qualitative  analysis  had  given  anti- 
mony and  calcium  as  the  principal  constituents.  The  authors  found,  however, 
that  it  contains  not  even  a  trace  of  antimony,  but  has  the  composition  of  a 
very  pure  lime-iron  garnet  (topazolite),  with  the  formula  3CaOFe„033SiO». 
The  physical  and  pyrognostic  characters  are  shown  to  accord  perfectly  with 
this  analysis. 

On  Two  New  Meteorites.  By  E.  E.  Howfxl.  Am.  J.  Sri.,  50,  252- 
254.  —  These  meteorites,  which  are  recent  discoveries  in  Cherokee  County, 
Georgia,  and  on  the  El  Capitan  Mountains,  New  Mexico,  are  holosiderites. 
They  were  analyzed  by  H.  N.  Stokes,  of  the  United  States  Geological  Sur- 
vey, and  found  to  be  entirely  normal  in  composition,  containing,  respectively, 
6.70  and  8.40  per  cent,  of  nickel.  The  Widmanstatten  figures  are  strongly 
marked  in  both  meteorites. 

The  Crystalline  Rocks  of  Missouri.  By  Erasmus  Haworth.  Mis- 
souri Geo!.  Surrey,  Ann.  Rep.,  1894,8,  84-222.  —  This  monograph,  which  is 
illustrated  by  fifteen  cuts  and  thirty  plates,  is  a  complete  and  elaborate  ac- 
count of  the  granites  and  porphyries  and  associated  dike  rocks  of  Southeast- 
ern Missouri.  These  rocks  have  long  been  of  exceptional  interest  to  students 
of  American  geology,  since  they  formed  an  island,  or  rather  an  archipelago,  in 
the  early  Paleozoic  sea,  as  now  in  the  early  Paleozoic  strata,  and  their  geo- 
graphic, topographic,  and  stratigraphic  relations  to  the  stratified  formations 
are,  therefore,  described  with  some  fullness.  The  good  and  sufficient  reasons 
for  regarding  these  ancient  crystalline  rocks  as  wholly  of  igneous  origin  are 
also  carefully  noted,  and  the  general  conclusion  is  stated  that  the  porphyries 
are  chiefly  effusive  (surface  flows  of  lava).  The  detailed  petrographic  de- 
scription of  each  group  is  accompanied  by  a  series  of  original  chemical  analy- 
ses, and  analyses  of  the  similar  rocks  of  other  regions  are  quoted  for  compar- 
ison.    The  dike  rocks,  which  are  the  newest  of  the  crystallines,  are  wholly 
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basic  (diabases),  the  silica  ranging  from  45.4  to  53.4  per  cent.  The  propor- 
tion of  iron  is  above  the  average,  and,  what  is  more  exceptional,  it  is  chiefly 
ferric.  The  ratio  between  the  lime  and  soda  is  normal,  and  indicates  that  the 
feldspars  are  chiefly  labradorite  and  bytownite.  The  analyses  of  the  granites 
and  granite-porphyries  present  no  unusual  features,  except  relatively  high  per- 
centages of  soda,  due  to  the  large  amounts  of  plagioclase  present.  The  por- 
phyries range  from  very  decidedly  acid  to  comparatively  basic  varieties  — 
Si02,  77.88  to  59.72  per  cent.;  and  like  the  granites  they  run  high  in  soda. 
They  are,  as  is  usually  the  case,  slightly  more  basic  than  the  granites,  and 
richer  in  alkalies ;  but  the  alkalies  are  in  every  instance  insufficient  to  make 
them  good  keratophyres.  The  most  of  the  porphyries  also  contain  abnormally 
high  percentages  of  iron  for  rocks  in  which  the  ferro-magnesian  silicates  are 
wanting,  the  combined  oxides  aggregating  7  per  cent,  in  two  analyses.  It  is 
interesting,  again,  to  note  that  the  dike  rocks  within  a  few  miles  of  the  Mine 
la  Motte  lead  mines,  at  which  nickel  ores  have  been  found  in  considerable 
quantity,  contain  appreciable  amounts  of  nickel,  suggesting  that  the  nickel 
ores  may  have  been  derived  from  the  neighboring  crystalline  rocks. 

Geology  of  the  Green  Mountains  in  Massachusetts.  By  Raphael 
Pumpelly,  J.  E.  Wolff,  and  T.  Nelson  Dale.  Monographs,  U.  S.  Geol. 
Survey,  23,  1-206.  —  This  work  contains  but  little  of  chemical  interest,  only 
two  analyses  (of  albite)  being  communicated. 

Natural  Mineral  Waters  of  the  United  States.  By  A.  C.  Peale. 
U.  S.  Geol.  Survey,  Ann.  Report,  1892-93,  14,  49-88.  —  In  this  general  discus- 
sion of  our  mineral  springs  the  author  proposes  a  chemical  classification  which 
is  believed  to  admit  of  general  application.  Springs  are  distinguished,  first, 
as  non-thermal  or  thermal;  second,  as  alkaline,  alkaline-saline,  saline  or  acid; 
third,  as  sulphated  or  muriated;  fourth  (according  to  the  gaseous  contents), 
as  non-gaseous,  carbonated,  sulphureted,  azotized,  or  carbureted  ;  fifth,  as 
sodic,  lithic,  potassic,  calcic,  magnesic,  chalybeate,  or  aluminous.  The  diverse 
modes  of  expressing  the  results  of  analyses  are  noted,  and  the  system  recom- 
mended by  the  Chemical  Society  of  Washington  is  approved. 

The  Laccolitic  Mountain  Groups  of  Colorado,  Utah,  and  Ari- 
zona. By  Whitman  Cross.  U.  S.  Geol.  Survey,  Ann.  Report,  1892-93,  14, 
157-241.  —  The  general  discussion  following  the  detailed  descriptions  of 
the  laccolites  is  accompanied  by  a  series  of  nineteen  complete  analyses  of  the 
rocks,  no  fewer  than  sixteen  constituents  (oxides)  having  been  determined; 
and  these  analyses  afford  a  basis  for  definite  conclusions  concerning  the  rela- 
tions of  the  composition  to  the  mineralogical  and  textural  developments  dur- 
ing the  solidification  of  the  magmas. 

The  Gold-Silver  Veins  of  Ophir,  California.  By  Waldemar  Lind- 
gren.  U.  S.  Geol.  Survey,  Ann.  Report,  1892-93,  14,  243-284.  —  The  quartz 
mines  of  Ophir  are  located  near  the  contact  of  a  mass  if  of  granodiorite  with 
amphibolite  schists.  The  lithologic  descriptions  of  these  wall  rocks  and  some 
associated  dikes  are  rendered  more  complete  by  thorough  chemical  analyses. 
Near  the  veins  the  wall  rocks  are  altered  to  a  calcite-sericite  aggregate,  and 
other  analyses  throw  light  upon  the  nature  and  cause  of  this  alteration  and 
the  problem  as  to  whether  or  not  the  vein  contents  have  been  derived  from 
the  walls.     The  conclusion  is  reached  that,  while  the  pyritiferous  or  so-called 
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iron  belts  of  the  wall  rocks  are  probably  a  source  of  local  enriching  of  the 
veins,  the  derivation  of  the  largest  part  of  the  precious  metals  must  as  yet 
be  considered  an  open  question. 

Geology  of  the  Catoctin  Belt.  By  Arthur  Keith.  U.  S.  Geo/. 
Surrey,  Ann.  Report,  1892-3,14,  285-395.  —  In  the  masterly  discussion  of 
the  genetic,  stratigraphic,  and  topographic  relations  of  the  various  formations 
composing  this  complex  area,  chemical  considerations  play  a  very  minor  part, 
being  chiefly  limited  to  analyses  of  the  igneous  rocks  —  granite,  quartz-por- 
phyry, andesite,  Catoctin  schist  (an  altered  diabase),  and  a  single  analysis  of 
the  great  Shenandoah  limestone. 

The  Rocks  of  the  Sierra  Nevada.  By  H.  W.  Turner.  U.  S.  Geo!. 
Survey,  Ann.  Report,  1892-93,  14,  435-495.  —  The  descriptions  of  nearly  all 
the  leading  types  of  igneous  rocks  occurring  in  the  region  studied  are  accom- 
panied by  one  or  several  analyses,  the  aggregate  number  exceeding  fifty  ;  but 
no  attempt  is  made  to  compare  or  discuss  the  results,  or  to  connect  the  differ- 
ent rock  types  as  successive  phases  in  the  differentiation  of  a  deep-seated 
magma. 

Segregation  in  Ores  and  Mattes.  By  David  H.  Browne.  School 
Mines  Quart.,  16,  297-311.  —  Analyses  representing  different  parts  of  the 
pots  of  copper-nickel-iron  matte  from  the  furnaces  at  the  Copper  Cliff  Mine 
near  Sudbury,  Ontario,  show  a  marked  tendency  toward  a  separation  of  the 
copper  from  the  nickel  and  iron,  the  proportion  of  copper  being  greatest  in 
the  upper  and  outer  parts  of  the  pots  where  cooling  was  most  rapid,  while  the 
central  and  sub-central  part  is  richest  in  nickel  and  iron.  This  illustrates 
the  theory  of  magmatic  differentiation  based  upon  Soret's  principle,  and 
affords  a  striking  confirmation  of  the  view  that  the  copper-nickel  ore  deposits 
of  the  Sudbury  district  are  of  igneous  origin,  a  view  to  which  Bell,  Kemp,  and 
others  had  been  led  by  purely  geological  studies. 

The  Elk  Garden  and  Upper  Potomac  Coal  Fields  of  West 
Virginia,  liv  Joseph  D.  Weeks.  Trans.  Am.  Inst.  Mining  Eng.,  24,  351- 
364. —  The  general  description  of  these  bituminous  coal  basins  is  accompa- 
nied bv  analyses  of  the  coals  quoted  from  the  United  States  Geological  Sur- 
vey and  ten  hitherto  unpublished  analyses  of  the  coke  produced  from  the 
coals. 

Graphite  Analysis.  By  S.  J.  Gormly.  Bull.  Missouri  Mining  Club, 
1,  Part  2,  1 1-13.  —  The  analysis  represents  the  first  and  only  piece  of  graphite 
ever  found  in  Missouri.  It  is  a  float  specimen,  but  is  supposed  to  have  origi- 
nated in  the  Archa-an  rocks.  The  analysis  gave:  C,  38.59;  S,  1.63;  H20,  1.7; 
tarrv  matter.  G.99  ;  ash,  51.08.  The  ash  analysis  gave  :  Si02,  92.102  ;  Fe208, 
3.542  :   Mg<  ).  1.098,  alkalies,  3.192  ;  =  99.934. 

Composition  of  Cleaned  Ores  of  Southwest  Missouri.  By  H.  G. 
SPENCER.  Bull.  Missouri  Mining  Club,  1,  Part  2,  50-51.  —  This  is  the  sec- 
ond paper  of  the  series  intended  to  cover  every  mining  camp  in  Southwest 
Missouri.  Complete  analyses  are  given  for  ten  samples  of  blende  (sphaler- 
ite), one  sample  of  chats  (impure  blende),  and  three  samples  of  galena. 
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Occurrence  of  Tellurium  in  Oxidized  Form  Associated  with 
Gold.  By  Richard  Pearce.  Proc.  Col.  Set.  Soc.,  April  i,  1895.  —  The  hard, 
compact  gold  ores  of  the  Ruby  Basin  in  the  Black  Hills  were  found,  on  care- 
ful analysis,  to  contain  tellurium,  both  in  the  unoxidized  or  blue  ore  and  the 
oxidized  or  red  ore,  the  tellurium  in  the  latter  case  being  presumably  in  the 
form  of  oxide.  It  was  further  proved  by  experiment  that  in  the  roasting  of 
gold-silver  tellurides  only  a  small  proportion  of  the  tellurium  escapes  by  vola- 
tilization, the  remainder  being  left  in  the  ore  as  Te02. 

The  Dyke  on  the  Columbia  Vein  in  Ward  District,  Boulder 
County,  Colorado.  Bv  C.  S.  Palmer  and  W.  B.  Stoddard.  Proc.  Col. 
Sci.  Soc,  October  7,  1895.  —  The  description  of  the  dike,  some  two  hundred 
feet  wide,  of  felsite  porphyrite  is  followed  by  a  duplicate  analysis.  The 
rock  is  thus  shown  to  be  highly  altered,  but  it  presents  no  points  of  special 
interest. 

On  an  Occurrence  of  Copper  in  Western  Idaho.  By  R.  L.  Pack- 
ard. Am.  J.  Sci.,  50,  298-300.  —  The  copper  ore  (chiefly  bornite)  of  the 
Seven  Devils  Mountains  is  associated  with  a  granitic  rock,  which  proves,  on 
examination  of  a  thin  section,  to  be  a  diorite  ;  and  this  conclusion  is  con- 
firmed by  the  chemical  analysis,  which  afforded  only  53.98  per  cent.  Si02,  and 
shows  a  marked  predominance  of  soda  over  potash. 

Effect  of  the  Mutual  Replacement  of  Manganese  and  Iron  on 
the  Optical  Properties  of  Lithiophilite  and  Triphylite.  By  S.  L. 
Penfield  and  J.  H.  Pratt.  Am.  J.  Sci.,  50,  387-390.  —  Numerous  com- 
plete analyses  of  lithiophilite  and  triphylite  by  Penfield  and  Wells  show  a 
transition  from  essentially  LiMnP04  to  the  isomorphous  LiFeP04.  The  pure 
end  products  are  not  known,  the  lithiophilite  richest  in  manganese  containing 
40  9  per  cent.  MnO  and  4.0  per  cent.  FeO,  and  the  triphylite  richest  in  iron 
containing  36.2  per  cent.  FeO  and  9.0  per  cent.  MnO.  The  theoretical  com- 
position of  the  pure  end  products  is  :  Lithiophilite,  P205  :  45.3  ;  MnO  145.1; 
Li20  :  9.6.  Triphylite,  P2Os  :  45.0  ;  FeO  :  45.5  ;  Li20  :  9  5.  Hence,  if  the 
amount  of  FeO  is  known,  that  of  MnO  may  be  told  within  1  per  cent,  by 
deducting  the  percentage  of  FeO  from  the  mean  percentage  of  the  bivalent 
oxides,  45.3.  The  investigation  of  the  optical  characters  shows  that  they 
undergo  a  very  considerable  change,  due  to  the  interchange  of  manganese  and 
iron,  which  is  surprising  considering  how  nearly  alike  the  two  elements  are 
in  atomic  weights.  With  an  increase  in  iron  there  is  an  increase  in  the 
indices  of  refraction,  and  also  the  divergence  of  the  optical  axes  changes 
rapidly. 

Igneous  Rocks  of  Yogo  Peak,  Montana.  By  W.  H.  Weed  and  L. 
V.  Pirsson.  Am.  J.  Sci.,  50,  467-481.  —  Yogo  Peak  is  a  huge  chimney  or 
stock  of  massive,  granular,  igneous  rocks,  a  former  center  of  volcanic  activity. 
It  is  oval  in  outline,  and  the  rocks  show  a  progressive  differentiation  along  its 
major  axis.  The  essential  minerals  are  the  same  throughout,  orthoclase  and 
augite  ;  but  there  is  a  progressive  increase  in  the  ferro-magnesian  species 
toward  the  western  end  of  the  stock.  Three  rock  types  —  Syenite,  Yogoite, 
and  Shonkinite  —  are  distinguished,  and  the  fact  that  they  form  a  natural 
series  is  very  clearly  brought  out  in  the  highly  elaborate  chemical  analyses 
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made  by  Dr.  W.  F.  Hillebrand,  a  chemist  whose  skill  and  painstaking  accu- 
racy have  been  of  vast  service  to  American  petrography.  Following  is  a  com- 
parison of  the  chief  rock-making  oxides  : 


Syenite. 


Si02 

AI2O3 

Fe2Os 

KeO 

MgO 

CaO 

NasO 

K;(> 

Ti<  >, 
BaO 
P.O, 


61.65 
15.07 
2.03 
2.25 
3.67 
4  61 
4.35 
4.50 
0.56 
0.23 
0.33 


Yogoite. 


54.42 
14.28 
3  32 
4.13 
6.12 
7.72 
3.44 
4.22 

o.so 

0  32 
0.59 


Shonkinite. 


43.98 
12.29 
288 
5.77 
9.19 
9.65 
2.22 
4.96 
1.44 
0.43 
0.9S 


Almost  without  exception  the  change  is  progressive.  The  silica,  alumina, 
and  soda  diminish  ;  the  iron  oxides,  lime,  and  magnesia  increase ;  the  potash 
remains  the  same  or  relatively  increases.  The  rarer  and  less  essential  oxides 
(Ti02,  BaO,  P2Oj)  show  a  similar  gradation.  —  Brogger  has  applied  the  term 
"  Facies  suit"  to  such  a  series  of  rocks  originating  in  the  differentiation  of  an 
individual  mass;  and  the  gradation  often  exhibited  by  independent  magmatic 
eruptions  in  the  same  region  is  termed,  by  way  of  distinction,  a  "Rock  se- 
ries." To  show  the  existence  of  a  true  rock  series  in  the  Yogo  Peak  district 
(Little  Belt  Mountains),  analyses,  also  by  Dr.  Hillebrand,  were  made  of  a 
quartz  syenite  porphyry  and  a  minette  ;  and  a  comparison  of  the  chief  oxides 
for  the  five  types  in  tabular  form  shows  a  remarkably  regular  gradation.  The 
variations  are  all  along  the  same  line  as  those  shown  at  Yogo  Peak  itself; 
and  the  gradual  fall  of  silica,  alumina,  and  soda  together,  with  the  predomi- 
nance of  potash  over  soda,  may  be  taken  as  characteristic  of  this  "petro- 
graphical  province."  The  importance  of  taking  account  in  the  classification 
of  rocks,  not  only  of  their  structure  and  the  kinds  of  minerals  they  contain, 
but  also  of  the  proportions  of  the  component  minerals,  is  insisted  upon  ;  and 
this  is  but  one  of  many  indications  that  chemical  composition  is  becoming 
again,  as  it  was  in  the  early  days  of  geology,  an  important  factor  in  system- 
atic lithology. 

Preliminary  Note  on  a  New  Alkali  Mineral.  By  Warren  M. 
Foote.  Am.  J.  Sci.,  50,  480-481.  A  qualitative  examination  shows  that  the 
new  species  Northupite  from  Borax  Lake,  California,  is  a  double  chloride  and 
carbonate  of  sodium  and  magnesium. 
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The  Effusive  and  Dyke  Rocks  Near  St.  John,  N.  B.  Bv  \V.  D 
Matthew.  Trans.  N.  Y.  Acad.  Sri.,  14,  187-218.  —  This  is  a  petrographic 
study.  The  effusive  rocks  include  quartz  porphyry,  felsite  porphyry,  diabase, 
and  feldspar-porphyrite  ;  and  the  dike  rocks  consist  of  diorite-porphyrite,  dia- 
base, and  augite-porphyrite.  A  soda  granite  not  included  in  the  author's  ear- 
lier paper  on  the  platonic  rocks  of  this  district  is  also  described.  Three 
analyses  are  given  —  one  of  the  soda  granite,  which  is  compared  with  similar 
occurrences  in  Minnesota:  one  of  diorite-porphyrite,  and  one  of  diabase;  but 
the  analyses  are  not  discussed. 

A  Geological  Reconnoissance  in  Northwest  Wyoming.  By  George 
H.  Eldridge.  U.  S.  Geo/.  Sun:,  Bull.  119.  —  This  is  a  systematic  account 
of  the  general  geology  of  an  area  of  24,750  square  miles  in  the  region  of  the 
Big  Horn  Mountains.  The  Laramie  coals  are  the  chief  feature  of  the  section 
on  economic  geology,  and  about  forty  analyses  of  the  coals  are  given  in  tabu- 
lar form. 

The  Dyke  on  the  Columbia  Vein  in  Ward  District,  Boulder 
County,  Colorado.  By  Charles  S.  Palmer  and  William  B.  Stoddard. 
Proc.  Col.  Sri.  Soc,  Oct.  7,  1895.  —  This  dike  is  a  prominent  feature  in  the 
geology  of  the  region,  and  of  exceptional  importance  in  its  relations  to  the 
neighboring  ore  deposits.  The  rock  is  a  kaolinized  and  highly  silicified  fel- 
site porphyrite,  containing  a  large  proportion  of  secondary  quartz.  An  analy- 
sis is  given,  which  corroborates  the  microscopic  characters  and  general  ap- 
pearance of  the  rock,  the  chief  constituents  being  silica,  alumina,  ferric  oxide, 
lime,  and  water. 

Geological  Survey  of  Iowa.  Third  Annual  Report  (1894).  —  This  vol- 
ume embraces  detailed  descriptions  of  the  geology  of  six  counties.  Particular 
attention  is  given  to  the  economic  geology,  and  under  that  head  are  intro- 
duced occasional  analyses  of  iron  ores,  clays,  etc. 

Geology  of  New  York.  By  the  State  Geologist.  Thirteenth  Annual 
Report  (1893),  1.  —  In  the  report  on  ~.  preliminary  examination  of  the  general 
and  economic  geology  of  four  townships  in  St.  Lawrence  and  Jefferson  Coun- 
ties, C.  H.  Smyth,  Jr.,  discusses  at  some  length  the  origin  of  the  red  hematite 
of  Antwerp  and  Rossie,  and  introduces  two  analyses  of  the  so-called  "serpen- 
tine gangue  "  or  matrix  of  the  ore  to  sustain  his  view  that  it  is  an  altered 
granite. 

The  Classification  of  the  Upper  x  aleozoic  Rocks  of  Central  Kan- 
sas. By  Charles  S.  Prosser.  /.  Geol,  3,  764-796.  —  This  is  a  stratigraphic 
paper ;  but  the  author  gives,  quite  incidentally,  two  analyses,  made  by  War- 
ren Finney,  of  the  limestones  of  the  Chase  formation  (Permian)  to  show  that 
they  are  not  highly  magnesian,  as  had  been  supposed. 

Absarokite-Shoshonite-Banakite  Series.  By  J.  P.  Iddings.  /.Geol, 
3,  935-959.  —  In  the  region  of  the  Yellowstone  National  Park  there  are  igne- 
ous rocks  of  a  peculiar  type,  which  are  associated  with  the  normal  andesites 
and  basalts  of  the  region,  but  which  differ  from  them  mineralogically  and 
chemically,  and  deserve  a  special  classification.     These  rocks  occur  in  a  num. 
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ber  of  separate  localities  within  this  region,  where  it  is  apparent  that  their 
generic  relations  are  with  normal  basalts  and  andesites,  and  in  each  locality 
the  varieties  having  the  peculiarities  in  question  are  genetically  related  to  one 
another  by  differentiation.  But  all  of  these  peculiar  varieties  in  the  region 
are  not  closely  related  to  one  another,  for  they  are  separate  offshoots  from 
distinct  reservoirs  of  magma,  and  were  probably  produced  by  similar  proc- 
esses of  differentiation.  Jn  other  words,  they  are  similar  rocks  that  belong  to 
separate  but  similar  classes  of  rocks.  The  three  classes  or  types  designated 
by  the  names  in  the  title  are  described  in  detail,  and  a  series  of  complete 
analyses  is  given  for  each.  The  analyses  are  closely  studied  and  compared, 
and  then  discussed  in  their  relations  to  the  similar  rocks  of  the  adjacent 
regions  and  of  Norway. 


Organic  Chemistry. 

J.  F.  Norris,  Abstracter. 

A  New  Reagent  for  Bromine  and  Iodine.  Preliminary  Notice 
Concerning  the  Halogen  Derivatives  of  the  Sulphonamides.  By  J.  H. 
Kastle.  Am.  Chem.J.,  17,  704-708.  —  When  a  solution  of  parachlorbenzene- 
sulphonamide  in  caustic  soda  is  treated  with  bromine  water,  a  yellow  crys- 
talline precipitate  is  obtained  which  has  the  formula  CeH^lSOaNHjE^  or 
C6H4ClS02NBr2.  The  author  promises  further  work  to  decide  between  these 
two  structures.  The  analogous  dichlor-derivative  of  benzenesulphonamide  de- 
composes metallic  bromides  and  iodides  with  the  formation  of  metallic  chlor- 
ides and  the  corresponding  brom-  and  iododerivatives  of  the  amide.  When 
this  decomposition  was  effected  in  the  presence  of  carbon  bisulphide  or  chloro- 
form, the  latter  solvents  were  colored  yellow  and  violet.  It  was  found,  with 
this  reagent,  that  it  was  possible  to  recognize  0.00635  milligram  of  iodine  in 
the  presence  of  0.36  milligram  of  bromine.  The  dichlor-derivative  of  ben- 
zenesulphonamide melts  at  700  and  is  nearly  insoluble  in  hot  water.  When 
heated  to  1700  it  decomposes  with  evolution  of  chlorine,  nitrogen,  and  hydro- 
chloric acid,  and  gives  almost  the  theoretical  quantity  of  benzenesulphon- 
chloride. 

On  Halogen  Addition-Products  of  the  Anilides.  (Preliminary 
Paper.)  By  H.  L.  Wheeler.  Am.  Client.  J.,  17,  612-619.  —  When  bromine 
is  mixed  with  dry  metanitroacetanilide,  the  substances  combine  with  evolution 
of  heat,  but  without  giving  off  hydrobromic  acid.  When  this  mixture  is  heated, 
torrents  of  hydrobromic  acid  are  evolved  and  parabrommetanitroacetanilide  is 
formed.  The  bromine  addition-product  was  isolated  as  follows  :  Metanitro- 
acetanilide was  dissolved  in  nitrobenzene,  an  excess  of  bromine  added,  and 
the  clear  solution  then  precipitated  with  ligroin.  A  heavy,  translucent,  dark- 
red  oil  separated,  which  was  repeatedly  treated  with  ligroin  to  remove  the 
excess  of  bromine.  On  exposing  the  oil  to  the  air  it  immediately  solidified  to 
a  crystalline  mass  soluble  in  chloroform  and  glacial  acetic  acid.  It  can  be 
crystallized  from  these  solvents  if  free  bromine  is  present.  The  analysis 
shows  that  the  compound  is  a  dibrom  addition-product  of  the  formula 
CsHgN2O3.Br...  Hydrobromic  acid  is  liberated  from  the  compound, with  conse- 
quent formation  of  parabrommetanitroacetanilide  on  heating  or  on  crystalliz- 
ing it  from  water.     Cold  concentrated  nitric  or  sulphuric  acid  also  separates 
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hydrobromic  acid,  and  at  the  same  time  displaces  the  bromine  forming  meta- 
nitroacetanilide.  It  is  not  probable  that  the  addition-product  has  the  struc- 
ture, C6H4N02.NHBr2.COCH3,  in  which  the  two  bromine  atoms  are  joined 
to  the  nitrogen,  because  methylmetanitroacetanilide,  C6H4N02.NCH3.COCH3, 
forms  an  analogous  addition-product  which  gives  off  hydrobromic  acid  readily 
and  forms  a  bromine  substitution-product.  In  this  latter  case  there  is  no  hy- 
drogen combined  with  the  nitrogen  to  unite  with  the  bromine  to  form  the  acid. 
The  formation  of  the  substitution-product  is  readily  explained  if  it  is  assumed 
that  the  bromine  adds  itself  to  the  benzene  nucleus,  an  assumption  which  is 
rendered  exceedingly  probable  by  the  fact  that  metanitroacetanilide  combines 
with  more  than  two  atoms' of  bromine.  This  higher  addition-product  decom- 
poses readily,  and  was  not  obtained  in  a  pure  condition.  Attempts  were 
made  to  prepare  the  dibrom  addition-product  by  passing  hydrobromic  acid  gas 
into  a  solution  of  parabrommetanitroacetanilide  in  a  mixture  of  glacial  acetic 
acid  and  ethyl  acetate.  An  isomeric  addition-product,  which  has  probably  the 
structure  of  an  ammonium  salt,  was  thus  obtained.  When  the  anilide  was  dis- 
solved in  acetic  acid,  and  the  gas  was  passed  in. for  a  short  time,  colorless 
crystals  separated,  having  the  composition  (C8H7N203Br)2HBr.  Both  addi- 
tion-products lose  hydrobromic  acid  when  exposed  to  the  air. 

Synthesis  of  Diphenylbiphenyl  and  its  Identification  as  Benzery- 
threne.  By  Arthur  A.  Noyes  and  Rolfe  M.  Ellis.  Am.  Chcm.  J.,  17, 
620-622.  —  The  purpose  of  the  investigation  was  to  prepare  synthetically  di- 
phenylbiphenyl, CcH6.C(iH4.CcH4.CoHc,  and  to  determine  whether  it  is  one  of 
the  products  of  the  action  of  heat  on  benzene.  Parabrombiphenyl  was  made 
as  described  by  Schultz,  and  treated,  in  an  ethereal  solution,  with  sodium. 
After  the  action  had  continued  for  two  or  three  days  the  insoluble  residue, 
which  was  found  to  contain  the  product  of  the  reaction,  was  first  treated  with 
boiling  water  to  remove  the  excess  of  sodium  bromide,  and  then  with  ben- 
zene, which  dissolved  much  the  larger  portion,  consisting  of  a  brown  floccu- 
lent  substance  which  could  not  be  purified.  The  residue,  insoluble  in  ben- 
zene, furnished  a  sublimate  in  the  form  of  white  crystalline  leaflets,  which 
proved  to  be  diphenylbiphenyl  by  analysis  and  by  a  vapor  density  determina- 
tion. The  yield  was  5  per  cent,  of  the  theoretical.  The  substance  meets  at 
3170,  and  distills  without  decomposition,  under  a  pressure  of  18  mm.,  at  4280. 
Under  ordinary  pressure  it  boils  below  5 200.  It  is  insoluble  in  boiling  alco- 
hol, ether,  chloroform,  and  carbon  bisulphide,  and  in  cold  benzene.  It  re- 
quires more  than  100  parts  of  boiling  benzene  for  solution.  The  properties  of 
the  substance  agree  with  those  of  benzerythrene,  which  has  been  prepared  by 
Schmidt  and  Schultz  by  the  action  of  heat  on  benzene. 

From  Pinine  to  Carvacrol.  By  John  L.  Mead  and  Edward  Kre- 
mers.  Am.  Chevi.  J.,  17,  607-611.  —  The  conversion  of  pinine  into  pinine 
nitrosochloride  and  of  the  latter  into  the  so-called  "  nitrosopinine  "  has  been 
known  for  some  time.  Last  year  Urban  and  Kremers  showed  that  the  "nitro- 
sopinine "  was  an  oxime,  and  stated  that  it  was  converted  into  a  ketone  by 
hydrolysis.  The  authors  prove  that  the  product  of  hydrolysis  is  a  phenol  and 
not  a  ketone.  A  careful  study  of  its  physical  properties,  its  sulphonic  acid, 
and  dinitro  derivative  proves  that  it  is  carvacrol  and  not  thymol,  its  isomer. 
Starting  with  Wallach's  formula  for  pinine,  the  transformation  to  carvacrol 
through  pinine  nitrosochloride,  pinine  isonitrosochloride,  and  "nitrosopinine" 
can  be  easily  followed.     Constitutional  formula;  are  given. 
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Notes  on  Limonene  and  its  Derivatives.  By  Edward  Kremers. 
Am.  Chem.  /.,  17,  692-697. — -Pure  limone  was  obtained  from  commercial 
"carvene"  by  fractional  distillation.  The  fraction  boiling  between  174.5°- 
175°  was  used  in  all  experiments.  Its  specific  gravity  at  20°  was  .8456.  The 
value  of  [a]D  was  -(-  120.466  and  not  -j-  106.80,  as  stated  by  Wallach  and 
Conradi.  The  rotary  power  of  solutions  of  varying  concentrations  in  absolute 
alcohol,  chloroform,  and  glacial  acetic  acid  was  determined.  It  was  found 
that  in  the  case  with  absolute  alcohol  and  chloroform  the  rotary  power  of  the 
limonene  diminished  with  fair  regularity  as  the  quantity  of  solvent  increased. 
With  glacial  acetic  acid  no  such  regularity  was  observed.  The  monohydro- 
chloride  of  limonene  when  in  contact  with  water  in  a  sealed  tube  is  slowly 
changed  into  terpin  hydrate.  The  easy  transformation  of  limonene  into  car- 
vene the  author  considers  an  argument  in  favor  of  the  formula  for  limonene, 
A  1,  3  Terpadine,  put  forward  by  himself  some  time  ago,  and  which  has  been 
recently  suggested  by  Baeyer. 

Scheme  for  the  Identification  of  Acetanilide,  Phenacetine,  Quin- 
ine Sulphate,  Etc.  By  F.  S.  Hyde.  /.  Am.  Chem.  Soc,  17,  933-935.  —  The 
author  presents  a  scheme  for  the  identification  of  acetanilide,  exalgine,  phe- 
nacetine, phenecoll  hydrochloride,  salol,  resorcin,  quinine  sulphate,  and  anti- 
pyrine.  The  melting  point,  the  solubility  in  water,  and  the  reactions  of  the 
solution  when  boiled  with  an  excess  of  potassium  hydroxide  and  a  few  drops 
of  chloroform,  when  treated  with  ferric  chloride,  with  dilute  nitric  acid,  and 
with  bromine  water,  are  given  for  each  substance.  The  application  of  these 
tests  is  sufficient  for  the  identification  of  the  above  compounds. 

On  the  Action  of  Bromine  on  Metanitraniline.  By  H.  L.  Wheeler. 
Am.  Chem.  J.,  17,  697-704.  —  When  one  molecule  of  metanitraniline  dissolved 
in  glacial  acetic  acid  is  treated  with  one  molecule  of  bromine,  the  chief  prod- 
uct is  the  hydrobromide  of  monobrommetanitraniline  [NH2,  N02,  Br  :  1,  3,  6], 
In  all  previous  investigations  the  nitraniline  was  brominated  in  hydrochloric 
acid  solution,  and  .f-tribrommetanitraniline  was  formed.  Orthobrommeta- 
nitraniline  dissolves  readily  in  ether,  chloroform,  or  benzene,  less  readily  in 
alcohol,  and  difficultly  in  ligroi'n  and  in  water,  from  which  it  crystallizes  in 
hairlike,  golden-yellow  needles  ;  it  is  volatile  with  steam,  and  has  a  remarkable 
sweet  licorice  taste.  The  chloride  and  sulphate  of  the  new  base  are  decom- 
posed by  water.  The  chloride  and  sulphate  of  j-tribrommetanitraniline,  which 
was  formed  in  small  quantity  when  metanitraniline  was  brominated  as  indi- 
cated above,  were  prepared,  but  not  analyzed,  on  account  of  their  great  insta- 
bility. The  acetyl  derivative  was  not  completely  decomposed  when  heated 
with  nitric  acid  to  2oo°-25o°  for  several  days.  An  attempt  to  prepare  the 
dibrom  substitution-product  was  unsuccessful.  The  investigation  contradicts 
the  statement  which  has  been  frequently  made,  that  meta  substituted  anilines 
behave  like  aniline  when  exposed  to  the  action  of  the  halogens. 

On  the  Composition  of  Pelagine.  By  A.  B.  Griffith  and  Charles 
Platt.  /.  Am.  Chem.  Soc.,  17,  877.  —  Pelagine,  the  violet  pigment  of  Pelagia, 
was  analyzed  and  found  to  have  the  composition  C2oHi7N07.  Pelagine  is 
soluble  in  carbon  disulphide,  alcohol,  ether,  and  acetic  acid.  Its  solutions  are 
decolorized  by  exposure  to  light,  and  on  spectroscopic  examination  do  not 
yield  characteristic  absorption  bands.  It  apparently  has  no  respiratory  func- 
tion, and  probably  is  a  lipochrome  or  a  nitrogenous  derivative  of  that  class. 
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Periodides  of  Pyridine.  By  A.  B.  Prescott  and  P.  F.  Trowbridge. 
J.  Am.  Chem.  Soc,  17,  859-869.  —  The  preparation  and  properties  are  de- 
scribed of  pyridine  methyl  pentiodide  (C6H5N.CH3I.I4),  diiodide  (C6H6N. 
CH3I.I),  triiodide  (C8H6N.CH,I.I2),  and  octaiodide  (C6H6N.CH,I.I7),  of 
pyridine  ethyl  triiodide  (CoH5N.C2H6I.L),  and  of  pyridine  tetraiodide 
(C.H.N.I*). 

The  Electrolytic  Reduction  of  Paranitro  Compounds  in  Sulphu- 
ric Acid  Solution.  By  Arthur  A.  Noyes  and  John  T.  Dorrance.  /. 
Am.  Chem.  Soc.,  17,  855-859.  —  Noyes  and  Clement  showed  some  time  ago 
that  nitrobenzene  in  sulphuric  acid  solution  is  transformed  by  electrolytic  hy- 
drogen into  paraamidophenolsulphonic  acid.  Later  Gattermann  and  his  stu- 
dents proved  that  in  general  aromatic  nitro  compounds  act  in  an  analogous 
way,  one  of  the  oxygen  atoms  of  the  nitro  group  always  migrating  during  the 
reduction  to  the  para  position  with  the  production  of  a  hydroxyl  group.  The 
purpose  of  the  investigation  was  to  determine  the  nature  of  the  reduction 
products  when  the  para  position  was  occupied.  Three  paranitro  compounds 
had  already  been  studied.  Paranitrotoluene  gives  a  condensation  product  of 
the  compound  NH2.C6H4.CH2OH  with  nitrobenzene.  When  paranitroortho- 
toluidine  is  reduced  a  hydroxyl  group  is  introduced  in  the  ortho  position  to  the 
amido  group.  This  is  exceptional.  The  carboxyl  group  in  paranitrobenzoic 
acid  is  replaced  by  hydroxyl,  the  product  of  reduction  being  a  sulphonic  acid 
of  paraamidophenol.  In  the  present  paper  the  authors  describe  the  reduction 
products  of  paranitraniline,  paranitrophenol,  and  parachlornitrobenzene.  To 
effect  the  reduction  a  current  of  one  or  two  amperes  was  passed  through  a 
solution  of  the  substance  in  strong  sulphuric  acid  for  forty  or  fifty  hours. 
Paranitraniline  gave  the  sulphate  of  paradiamidobenzene.  Paranitrophenol 
and  parachlornitrobenzene  yielded  the  same  reduction  product,  the  sulphonic 
acid  of  paraamidophenol.  It  is  a  striking  fact  that  when  the  group  para  to 
the  nitro  group  is  negative  (CI  or  COOH)  it  is  driven  out  and  replaced  by 
hydroxyl. 

On  the  Oxidation  of  Some  Gases  with  Palladinized  Copper  Oxide. 
By  E.  D.  Campbell.  Am.  Chem.  J.,  17,  681-692.  —  Hydrogen,  carbon  mon- 
oxide, acetylene,  ethylene,  propylene,  and  isobutylene  were  burned  by  pass- 
ing the  gases  over  copper  oxide  containing  1  per  cent,  of  palladium.  In 
order  to  control  the  temperature  of  the  tube  it  was  surrounded  by  a  special 
form  of  air  jacket.  In  determining  the  initial  combustion-point  of  any  gas 
a  moderate  flow  of  the  pure  gas  was  kept  passing  through  the  combustion 
tube,  to  the  farther  end  of  which  was  attached  a  small  tube  containing  glass- 
wool  sprinkled  with  anhydrous  cupric  sulphate  for  the  detection  of  water,  fol- 
lowed by  a  U  tube  containing  a  clear  solution  of  calcium  hydrate  for  the  de- 
tection of  carbon  dioxide.  It  was  found  that  the  presence  of  the  palladium 
lowered  the  ignition  point  of  hydrogen  from  i75°-i8o°  to  8o°-85°,  that  of  ethyl- 
ene from  3i5°-325°  to  24o°-250°,  of  propylene  from  27o°-28o°  to  22o°-23o°,  of 
isobutylene  from  32o°-33o°  to  27o°-28o°,  while  that  of  carbon  monoxide  was 
not  affected.  The  rate  of  combustion  of  each  gas  was  also  determined.  The 
fact  that  acetylene  does  not  burn  at  once  to  carbon  dioxide  and  water  ren- 
dered a  comparison  of  the  conduct  of  this  gas  with  that  of  the  others  impossi- 
ble. Experiments  with  acetylene,  conducted  at  different  temperatures,  are 
described  in  detail.  After  the  temperature  of  ignition  and  rate  of  combustion 
of  the  ordinary  gases  have  been  obtained,  the  author  proposes  to  work  on 
mixtures  of  these  gases  in  order  to  determine,  if  possible,  to  what  extent  they 
may  be  separated  by  fractional  combustion. 
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Investigations  on  the  Sulphonphthaleins.  V.  On  Sulphon- 
phthalein  and  Some  Related  Compounds.  By  John  White,  Jr.*  VI. 
Sulphonphthaleins  Derived  from  Orthosulphoparatoluic  Acid.  By 
Walter  Jones.  Am.  Chem.J.,  17,  545-569.  —  This  article  contains  the  fifth 
and  sixth  contribution  from  the  laboratory  of  the  Johns  Hopkins  University 
on  the  subject  of  the  sulphonphthalei'ns.  In  the  first  part  of  the  paper  (V) 
the  action  of  bromine  on  sulphonrluoresct  in  and  the  condensation-products  of 
resorcinol  with  orthosulphobenzoic  acid  are  described.  When  sulphonrluores- 
ctin, prepared  by  heating  dioxybenzoylbenzenesulphonic  acid,  (OH)2C6H3CO. 
<J6H4S03H,  to  i6o°-i7o°,  was  treated  with  bromine  in  glacial  acetic  acid  a 
dibrom,  and  probably  a  monobrom,  derivative  were  obtained,  whereas  fluores- 
cein gives  a  mono,  di,  and  tetra  derivative.  The  action  of  acetic  anhydride 
•on  dibromsulphonfluorescein  gave  a  product  insoluble  in  alkalies,  and  there- 
fore probably  an  acetyl  derivative,  but  the  analyses  did  not  give  figures  agree- 
ing with  any  probable  formula.  Phosphorous  pentachloride  acts  on  sulphon- 
fluorescein  readily  at  i25°-i30°,  and  causes  the  substitution  of  chlorine  for  the 
two  hydroxyl  groups  and  for  the  anhydride  oxygen.  It  was  thought  that  by 
mixing  dioxybenzoylbenzenesulphonic  acid  with  resorcinol  a  better  yield  of 
sulphonrluorescei'n  would  be  obtained,  as  the  formation  of  the  latter  from 
the  dioxy  acid  involved  the  splitting  off  of  orthosulphobenzoic  acid.  It  was 
found,  however,  that  at  least  two  products  were  formed.  This  led  to  a  careful 
study  of  the  action  of  resorcinol  on  orthosulphobenzoic  acid.  Fahlberg  and 
Barge  found  that  when  the  acid  is  heated  with  two  or  four  molecules  of  res- 
orcinol a  condensation-product  containing  four  resorcinol  residues  is  formed, 
CslH20O8S  -j-  4H20.  The  author  repeats  the  work,  and  finds  that  when  four 
molecules  of  resorcinol  are  used  six  residues  are  introduced,  and  the  resulting 
compound  has  the  formula  C4sHj,,O10S  +  3^H20  ;  when  two  molecules  are 
used  four  residues  are  introduced  and  the  compound  C3iH2„ObS  -f-  H20  is 
formed.  Throughout  the  work  great  difficulty  in  the  purification  of  the  com- 
pounds was  encountered,  and  the  analyses  in  many  cases  do  not  agree  closely 
with  theory.  In  the  second  part  of  the  paper  (VI)  experiments  with  the 
sulphonphthaleins   derived    from    orthosulphoparatoluic   acid   are   described. 

Methylsaccharin,  C8Hs(CH3)<^Cq2\nH,  was  boiled  with  dilute  hydrochlo- 
ric acid  and  the    resulting  acid   ammonium  salt  heated  with  two  molecules 
of    resorcinol  ;    the    ammonium    salt    of    paramethyldioxybenzoylbenzenesul- 
phonic  acid  was  formed  according  to  the  following  equation  : 
C.H,(CH8)<^OOH  ^  +  C6H4(OH)2  =  c>Hs(CH8)</CO.C6H3(OH)2  +  H_Q 

A  water  solution  of  this  ammonium  salt  was  treated  with  finely  powdered  min- 
ium, and  a  complicated  basic  salt  containing  three  atoms  of  lead  was  obtained. 
When  an  acetic  acid  solution  of  this  salt  was  boiled  with  lead  oxide  a  part  was 
changed  into  a  second  basic  salt  soluble  in  hot  water,  PbO2.C6H3CO.C0H3. 
CH,.S03.l'b.OH.  The  lead  was  precipitated  with  hydrogen  sulphide,  and 
with  the  free  acid  so  obtained  the  barium,  calcium,  silver,  zinc,  and  neutral 
lead  salt  were  prepared.  The  sulphonphthnlein  formed  by  heating  the  acid 
was  studied  with  results  analogous  to  those  described  above.  Resorcinol  con- 
densed with  orthosulphoparatoluic  acid  in  the  same  way  that  it  did  with  ortho- 
sulphobenzoic acid. 

Paranthracene  or  Dianthracene :  A  Polymeric  Modification  of 
Anthracene.  By  W.  R.  Orndorff  and  F.  K.  Cameron.  Am.  Chem.  /., 
17,  658-680.  —  Paranthracene,  made  by  exposing  purified   anthracene   sus- 
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pended  in  benzene  and  xylene  in  thin  white  glass  bottles  to  the  action  of  the 
sunlight  for  two  or  three  weeks,  after  six  crystallizations  from  boiling  ben- 
zene, was  found  to  have  the  same  percentage  composition  as  anthracene. 
The  pure  product  was  a  white  crystalline  substance,  melting  at  242°-244°  to 
a  light  yellow  liquid,  which,  on  cooling,  solidified  to  a  hard  mass,  which  melted 
sharply  at  2130,  being  thus  transformed  into  anthracene.  Pure  paranthracene 
shows  no  trace  of  violet  fluorescence,  so  characteristic  of  anthracene,  nor  does 
it  give  an  addition-product  with  picric  acid.  It  is  sparingly  soluble  in  the 
hydrocarbons  of  the  benzene  series,  ethylene  bromide,  pyridine,  anisol,  phe- 
netol,  and  dimethylaniline.  It  crystallizes  in  the  orthorhombic  system,  and 
has  the  specific  gravity  of  1.265  at  27°-  Unsuccessful  attempts  to  bring  about 
the  transformation  of  anthracene  to  paranthracene  by  other  methods  than  the 
action  of  sunlight  are  described.  The  molecular  weight  of  paranthracene  was 
determined  in  ethylene  bromide,  pyridine,  anisol,  and  pheneiol,  with  357  as  an 
average  of  thirty  determinations  (C28H2o  =  356).  Paranthracene  is  therefore 
dianthracene.  In  order  to  settle  the  question  whether  this  peculiar  transforma- 
tion is  characteristic  of  anthracene  or  is  found  in  the  derivatives  of  this  hydro- 
carbon and  in  other  hydrocarbons,  solutions  of  anthraquinone,  dihydroanthra- 
cene,  dichloranthracene,  and  anthranol  were  exposed  to  the  action  of  sunlight 
for  weeks.  In  none  of  these  solutions  was  any  change  noticed  except  in  the 
case  of  anthranol,  where  a  white  crystalline  substance,  which  was  probably 
dianthranol,  was  precipitated.  Solutions  of  pure  phenanthrene,  retene,  cam- 
phor, and  phenylacridine  were  also  found  to  suffer  no  change.  When  solu- 
tions of  acridine,  C^H^N,  which  resembles  anthracene  closely,  were  exposed  to 
the  sunlight  a  light  yellow  crystalline  precipitate  was  obtained.  It  is  an  open 
question  whether  this  substance  is  diacridine  or  whether  it  is  identical  with 
insoluble  hydroacridine  obtained  by  Graebe  and  Caro.  Considering  the  reac- 
tions and  properties  of  anthracene  and  its  easy  transformation  into  paranthra- 
cene, the  following  formula?  of  the  two  substances  are  proposed :  Anthracene 
consists  of  two  benzene  rings,  with  centric  bonds,  joined  to  each  other  in  the 
ortho  position  by  two  CH  groups,  the  carbon  atoms  of  which  are  united.  In 
the  transformation  to  paranthracene  this  para  bond  in  the  middle  ring  is 
broken,  and  the  free  affinities  of  two  molecules  unite  to  form  the  double 
molecule. 

The  Action  of  Magnesium  upon  the  Vapors  of  the  Alcohols  and 
a  New  Method  of  Preparing  Allylene.  By  Edward  H.  Keiser  and 
Mary  B.  Breed.  J,  Franklin  Inst.,  139,  304-309.  —  The  vapor  of  methyl 
alcohol  was  passed  over  magnesium.  When  the  temperature  was  raised 
to  dull  redness  the  magnesium  began  to  glow,  and  finally  became  red-hot 
throughout  its  entire  mass.  After  cooling,  the  residue  was  a  black,  coherent 
mass,  which  evolved  a  rapid  current  of  gas  when  brought  into  water  contain- 
ing a  drop  of  ammonium  chloride.  This  gas  had  the  odor  of  acetylene,  but 
when  conducted  through  an  ammoniacal  solution  of  cuprous  chloride  green- 
ish-yellow cuprous  allylide  was  formed ;  an  ammoniacal  solution  of  silver 
nitrate  gave  the  corresponding  silver  salt  as  a  white  crystalline  precipitate. 
Both  compounds  dissolved  readily  in  dilute  acids  with  evolution  of  allylene, 
CSH4.  While  the  magnesium  was  glowing  in  the  alcohol  vapors  a  large 
amount  of  gas  was  given  off,  which  proved  to  be  almost  entirely  hydrogen  and 
methane.  When  iron  or  zinc  was  used  instead  of  magnesium  the  gases  con- 
sisted of  a  mixture  of  hydrogen  and  carbon  monoxide,  with  a  trace  of  methane 
and  carbon  dioxide.  The  action  of  magnesium  on  ethyl,  propyl,  amy],  ally], 
and  isobutyl  alcohols  was  also  studied.     In  all  cases  the  metal  was  changed 
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into  a  compound  which  gave  off  allylene  when  treated  with  water.  Allyl  alco- 
hol gives  the  largest  yield  of  the  silver  compound,  which  is  used  in  the  prepa- 
ration of  the  pure  gas,  and  the  authors  therefore  propose  this  method  as  the 
best  for  making  allylene.  The  gases  formed  during  the  action  of  the  magne- 
sium on  the  vapors  varied  with  the  different  alcohols,  and  also  were  different 
from  the  products  formed  when  iron  or  zinc  was  used.  The  most  striking  dif- 
ference is  the  small  amount  of  carbon  monoxide  formed  in  the  first  case. 

Crystalline  Compounds  of  Sucrose,  Dextrose,  and  Levulose.  Bv 
F.  G.  Wiechmann.  School  Mines  Quart.,  16,  233-234.  —  Some  time  ago  the 
author  gave  an  account  of  a  crystalline  magma  which  was  formed  in  an  in- 
verted sucrose  solution  under  the  influence  of  sunlight  (School Mines  Quart., 
13,  No.  2).  He  has  since  separated  the  crystals  from  the  adhering  liquid,  and 
finds  that  they  consist  of  sucrose,  5  to  16  per  cent. ;  dextrose,  59  to  60  per 
cent.;  levulose,  21  to  34  per  cent.  The  liquid  in  one  experiment  contained 
32  per  cent,  sucrose,  22  per  cent,  dextrose,  and  41  per  cent,  levulose. 

Glutarimide.  By  R.  Seldner.  Am.  Chem.  J.,  17,  532-535.  —  Glutari- 
mide  was  prepared  by  the  methods  used  by  Miller  in  the  preparation  of  sue 
cinimide  (J.  Am.  Chem.  Soc,  16,  443).  Mixtures  of  glutaric  acid  and  aceto 
nitrile,  gluiaric  nitrile  and  acetic  acid,  and  glutaric  acid  and  glutaric  nitrile 
were  heated  in  sealed  tubes,  in  the  presence  of  a  few  drops  of  acetic  anhy- 
dride, to  2oo°-2io°  —  for  four  hours  in  the  case  of  the  first  two  mixtures,  and 
for  nine  hours  in  the  case  of  the  last.  The  second  method  of  preparation 
gives  the  best  results. 

On  the  Oxidation  of  Complex  Carbohydrates.  Bv  G.  de  Chalmot. 
Am.  Chem.  J ,  17,  535-539.  —  The  author  has  recently  advanced  the  hypothe- 
sis that  pentose  molecules  are  formed  in  plants,  by  oxidation,  from  complex 
molecules  of  hexosans  in  which  a  part  or  all  of  the  aldehyde  groups  have  been 
bound  by  condensation,  and  therefore  protected  from  further  oxidation.  The 
pentoses  are  probably  formed  from  the  hexoses  by  the  alcohol  group  at  the 
end  of  the  hexose  molecule  being  oxidized  to  aldehyde  and  carboxyl,  and  by 
the  splitting  off  of  carbon  dioxide.  Experiments  were  undertaken  to  test  this 
hypothesis,  but  as  they  were  interrupted  in  an  early  stage  the  results  are  pub- 
lished and  the  field  left  to  others.  Starch,  saccharose,  and  a-  methyl-d-glu- 
coside  were  cautiously  oxidized  with  an  alkaline  solution  of  bromine.  In 
each  case  there  was  an  evolution  of  carbon  dioxide,  and  a  solution  was  ob- 
tained which  reduced  Fehling's  solution  in  the  cold  and  gave  an  osazone  when 
treated  with  phenylhydrazine. 

The  Occurrence  of  Trimethylene  Glycol  as  a  By-Product  in 
the  Glycerine  Manufacture.  Bv  Arthur  A.  Noyes  and  Willard  H. 
WATKINS.  J.  Am.  Chem.  Soc,  17,  890-891.  Tech.  Quart.,  8,  261-262.  Am.  J. 
Pharm.,  67,  633-634.  —  The  authors  found  38  per  cent,  of  trimethylene  glycol 
in  the  "light  stuff"  obtained  in  the  recovery  of  glycerine  from  the  lyes  of  a 
soap-making  firm  near  Boston,  and  attribute  its  occurrence  to  the  fermenta- 
tion of  the  glycerine  in  the  fat  before  saponification. 

Action  of  Sodic  Alcoholates  on  Chloranil.  Acetals  Derived  from 
Substituted  Quinones.  By  C.  Loring  Jackson  and  H.  S.  Grindley. 
Am.  Chem.  /.,  17,  579-607,  633-658.  —  Dichlordiphenoxyquinone,  C6C12 
(OC6H6)202,  melting  at  2430,  was  obtained  by  the  action  of  sodium  phenyl- 
ate  on  chloranil ;  it  gave  a  hydroquinone  when  reduced,  and  when  treated 
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with  aniline,  sodium  malonic  ester,  or  sodium  ethylate,  the  groups  OC6H5 
were  replaced  without  the  elimination  of  the  chlorine.  From  the  salt  formed 
by  the  action  of  sodium  methylate  the  free  acid  was  precipitated.  The  au- 
thors consider  this  to  be  a  hemuicctal,  and  assign  to  it  the  following  formula: 
C6(OCH3)4  [1,  3,  4,  6]  (OH)2  [1,  4]  Cl2  [2,  5].  All  the  chemical  reactions  of 
the  substance  are  in  accord  with  this  view,  and  cannot  be  explained  by  assum- 
ing the  presence  of  two  carbonyl  groups.  When  heated  it  loses  two  molecules 
of  alcohol,  and  is  changed  into  dichlordimethoxyquinone.  The  benzoyl  ether 
is  stable,  and  does  not  yield  an  oxime  or  a  hydroquinone.  The  study  of  these 
hemiacetals  has  led  the  authors  to  propose  analogous  constitutional  formula; 
for  quinhydrone  and  phenoquinone.  In  favor  of  this  view  is  the  fact  that  one 
molecule  of  quinone  unites  with  one  molecule  of  a  diatomic  phenol,  hydro- 
quinone, with  two  of  a  monatomic  phenol,  methylhydroquinone,  and  does 
not  combine  at  all  with  such  compounds  as  dimethylhydroquinone.  The 
instability  of  the  compounds  and  their  salts  is  further  evidence.  By  the 
action  of  ethyl  iodide  on  the  silver  salt  of  the  hemiacetal  a  tetraethyl- 
acetal,  C6Cl2(OC2H5)2(OC2H5).,,  was  obtained,  which  was  stable  in  the 
presence  of  alkalies,  but  was  decomposed  by  acids  with  the  formation 
of  dichlordiethoxyquinone.  Dichlordiethoxyquinone  dibenzoyldiethvlacetal, 
C6C!2(OC2H5)2(OC2H5)2(OCOC6H5)2,  was  formed  from  the  sodium  salt  and 
benzoyl  chloride;  dilute  sulphuric  acid  decomposed  it  to  the  compound 
C6Cl2(OC2H6)2(OCOC6H5)20,  which  on  reduction  gave  a  substance  with  the 
probable  formula  C6Cl2(OC2H5)2OH(OCOCoH6)2.  If  chloranil  is  treated  with 
four  molecules  of  sodium  phenylate,  tetraphenoxyquinone  is  formed.  This 
can  be  reduced  to  the  corresponding  hydroquinone,  and  when  boiled  with 
sodium  hydroxide  is  converted  into  diphenoxanilic  acid,  C6(OC6H5)2(OH)202. 
Experimental  Part:  Dichlordiphenoxyquinone,  CCC1;(0C6H6)202,  was  obtained 
as  a  red  precipitate  when  one  molecule  of  chloranil  suspended  in  water  was 
treated  with  two  molecules  of  potassium  phenylate.  It  crystallizes  from  ben- 
zene in  needles  melting  at  2430,  is  saponified  by  sodium  hydroxide  forming 
chloranilic  acid,  and  is  reduced  by  strong  hydriodic  acid  to  dichlordiphenoxy- 
hydroquinone,  C0C12(OC6H6)2(OH)2,  which  crystallizes  in  colorless  prisms 
melting  at  i97°-ic)8°.  Dichlordiphenoxyquinone  was  treated  with  aniline 
with  the  expectation  of  removing  the  two  remaining  atoms  of  chlorine.  Di- 
chlordianilidoquinone,  C6C12(C6H5NH)202,  which  had  been  previously  pre- 
pared by  Hesse,  Knapp,  and  Schultz,  was  formed.  Sodium  malonic  ester  gave 
a  blue  precipitate  of  the  sodium  salt  of  dichlorquinonedimalonic  ester,  from 
which  the  ester,  yellow  needles  soluble  in  alcohol,  melting  at  1300,  was  ob- 
tained. Hydriodic  acid  transformed  it  into  a  hydroquinone,  and  sodium  car- 
bonate into  diethoxyquinonedimalonic  ester,  Cc(OC2H5)2[CH(COOC2H5)2]202, 
yellowish  white  needles  melting  at  1150.  Dichlortetramethoxyhydroquinone, 
C6Cl2(OCH8).,(OH)2(OCH3)2,  formed  by  the  action  of  sodium  methylate  on 
dichlordiphenoxyquinone,  is  a  white  amorphous  substance,  which  is  trans- 
formed into  the  red  dichlordimethoxyquinone  when  heated  to  160°,  or  when 
warmed  with  water,  alcohol,  or  acetic  acid.  The  sodium  and  silver  salts  were 
made.  The  diethylacetal,  and  acetals  containing  ethyl  and  methyl  groups, 
and  a  number  of  their  salts  and  derivatives  analogous  to  those  of  the  di- 
methylacetal  described  above,  were  prepared. 

Tetrinic  Acid.  By  Paul  C.  Freer.  Am.  Chem.  J.,  17,  779-796.  —  In 
order  to  furnish  further  evidence  in  favor  of  his  formula  for  tetrinic  acid, 
CH2.C(OH) :  C(CH3).CO.O,  the  author  has  subjected  the  action  of  bromine 
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on  methylacetoacetic  ester  to  a  careful  revision,  and  has  come  to  conclusions 
which  differ  from  those  of  Nef.  According  to  the  latter,  no  hydrobromic  acid 
is  formed  when  the  sodium  salt  of  methylacetoacetic  ester  is  brominated,  and 
the  resulting  compound  is  therefore  an  a-substitution-product.  When  the  so- 
dium salt  was  treated  with  one  half  the  calculated  quantity  of  bromine,  an  oil, 
consisting  mainly  of  free  methylacetoacetic  ester  and  a  small  amount  of  the 
brominated  product,  and  a  considerable  quantity  of  tetrinic  acid  were  ob- 
tained ;  when  one  molecule  of  bromine  was  used  the  product  distilled  much 
as  Xef  described,  with  the  exception  that  it  had  no  constant  boiling  point. 
The  formation  of  free  methylacetoacetic  ester  shows  that  hydrobromic  acid 
must  have  been  present  during  the  first  part  of  the  reaction,  and  consequently 
7-brommethylacetoacetic  ester  must,  at  least  in  part,  have  been  formed.  In 
brominating  free  methylacetoacetic  ester  it  was  found  that  the  fraction  of  a 
Kahlbaum  preparation  boiling  at  84°-85°  (25  mm.)  gave  results  quite  different 
from  those  obtained  when  the  fraction  boiling  at  85°-87°  (25  mm.)  was  used. 
In  the  first  case  an  oil  boiling  at  107°-!  12°  (30  mm.),  which  gave  analytical 
results  agreeing  with  monobrommethylacetoacetic  ester,  and  a  small  quantity 
of  tetrinic  acid  were  obtained  ;  in  the  second  case,  when  the  temperature  of 
the  oil  bath  had  reached  1200  (30  mm.)  the  pressure  fell  to  70  mm.,  a  violent 
ebullition  of  ethyl  bromide  took  place,  and  the  contents  of  the  flask,  which 
proved  to  be  tetrinic  acid,  became  solid.  A  sample  of  methylacetoacetic  ester 
prepared  by  the  author  did  not  yield  any  tetrinic  acid  when  brominated,  but  a 
product  without  a  constant  boiling  point  (io7°-i09°  at  30  mm.).  The  differ- 
ence between  the  different  samples  of  apparently  equally  pure  ester  the  au- 
thor explains  by  assuming  the  presence  of  two  geometrical  isomers.  When 
bf  iinniethylacetoacetic  ester  was  treated  with  sodium  the  resulting  product 
consisted  of  methylacetoacetic  ester,  its  monobrom  derivative,  and  a  thick  oil 
wi  hout  a  constant  boiling  point,  which  was  not  investigated.  The  formation 
of  hydrogen  during  the  reaction  and  the  fact  that  oxalic  acid  was  one  of  the 
products  of  oxidation  of  brommethylacetoacetic  ester  showed  that  some  of  the 
7-substitution-product  must  have  been  present.  As  a  final  proof  that  the  sub- 
stance obtained  by  direct  bromination  of  methylacetoacetic  ester  is  a  mixture 
of  the  a-  and  7-brom  derivative,  an  ethereal  solution  of  the  pure  substance  of 
Xef,  boiling  at  io7°-io8°  (30  mm.),  was  extracted  with  10  per  cent,  caustic 
soda  solution  and  immediately  neutralized  with  sulphuric  acid.  An  oil  sepa- 
rated from  the  alkaline  solution  which,  on  distillation,  had  a  higher  boiling 
point  than  the  brom  ester  and  left  a  considerable  residue  of  tetrinic  acid. 
The  oil,  insoluble  in  alkali,  had  its  boiling  point  reduced  two  degrees,  and 
when  heated  in  a  sealed  tube  at  ioo°  was  not  changed  into  tetrinic  acid  un- 
less hydrobromic  acid  was  present.  The  former  the  author  considers  the  7- 
and  the  latter  the  a-brom  substitution-product.  Molecular  weight  determina- 
tions of  ethyl  tetrinate,  benzoyl  tetrinate,  and  tetrinic  chloride  show  that  the 
acid  has  the  simple  molecular  formula.  The  two  ethyl  ethers  and  two  chlo- 
rides obtained  are  explained  by  stereochemical  considerations. 

Technical  Chemistry. 

F.  H.  Thorp,  Abstracter. 

Arsenic  in  Glycerol.  By  G.  E.  Barton.  /.  Am.  Chem.  Soc,  17,  883- 
890.  —  The  author  reviews  briefly  the  work  of  Jahns,  Ritsert,  Vulpius,  Sie- 
bold.  Jaffe,  Luttkd,  and  Sanger  on  arsenic  determinations  in  glycerol  and  wall 
paper.      He   finally  adopted  a  modification  of  Sanger's  method  (Proc.  Am. 
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Acad.,  26,  24)  for  making  arsenic  tests,  which  is  essentially  a  comparison  of 
mirrors  obtained  in  a  modification  of  Marsh's  apparatus  with  those  obtained 
from  standard  solution  of  sodium  arsenite.  It  was  found  that  the  zinc  varied 
much  in  its  content  of  carbon,  and  this  caused  irregularities  in  the  speed  of 
gas  evolution,  which  resulted  in  differences  in  the  mirrors.  The  preparation 
of  standard  mirrors  at  various  speeds  and  under  all  possible  variations  is  pro- 
posed as  a  remedy  for  this  difficulty.  The  use  of  uniform  tubes  of  the  hard- 
est obtainable  glass  is  necessary.  Formation  of  two  mirrors  is  avoided  by 
surrounding  the  reduction  tube  with  an  iron  or  nickel  jacket.  —  Eight  samples 
of  glycerol  were  tested,  five  showing  arsenic  present.  In  one  case  the  method 
failed  to  show  arsenic  in  a  sample  to  which  arsenic  had  been  added.  From 
this  the  author  concludes  that  some  samples  contain,  either  originally  or  after 
the  treatment  with  sulphuric  and  nitric  acids,  something  capable  of  holding 
back  the  arsenic.  He  then  tried  diluting  the  glycerol  with  water  and  adding 
it  directly  to  the  reduction  flask,  and  thus  obtained  a  quantitative  result. 
The  colorimeter  test  with  paper  saturated  with  silver  nitrate  solution  was 
found  about  five  times  as  sensitive  as  the  Marsh  test,  but,  owing  to  the  rapid 
action  of  light,  the  yellow  stain  cannot  be  well  compared  with  permanent 
standards.  Glycerol  made  from  soap  lyes  is  very  apt  to  contain  arsenic  from 
the  hydrochloric  acid  used  in  neutralizing  the  spent  lye. 

The  Determination  of  Tannin  by  Metallic  Oxides.  By  William 
H.  Krug.  /.  Am.  Chem.  Soc,  17,  811-814. — The  author  tried  substituting 
yellow  mercuric  oxide  for  hide-powder  in  the  usual  shaker  method  of  analysis. 
After  several  trials  he  decided  that  it  was  best  to  shake  the  mixture  four 
hours,  and  then  to  allow  it  to  stand  over  night  before  filtering.  He  used  four 
grams  of  mercuric  oxide  and  75  cc.  of  diluted  tannin  solution.  After  filtering. 
25  cc.  of  the  filtrate  were  evaporated  to  dryness  on  the  steam  bath,  the  resi- 
due dried  at  ioo°  C.  and  weighed.  The  difference  between  this  weight  and 
that  of  the  residue  from  25  cc.  of  the  solution  before  treatment  with  mercuric 
oxide  was  calculated  as  tannins.  Ash  determinations  were  made  to  detect 
any  of  the  oxide  passing  into  the  filtrate.  The  results  were  fairly  close  even 
when  variations  in  the  conditions  were  tried.  No  oxide  was  found  in  the  fil- 
trate. The  end  of  the  reaction  is  easily  seen,  as  the  mass  becomes  gelatinous 
and  of  a  dirty  brown  color.  The  time  consumed  is  rather  more  than  by  the 
hide-powder  process,  but  the  results  are  claimed  to  be  more  uniform.  Be- 
sides mercuric  oxide,  the  oxides  of  zinc,  lead,  and  magnesium  were  tried,  but 
with  less  satisfactory  results.  Zinc  and  lead  were  very  slow  in  combining  with 
the  tannin,  while  magnesium  dissolved  and  passed  into  the  filtrate,  introduc- 
ing a  large  error. 

An  Electrolytic  Process  for  the  Manufacture  of  White  Lead. 
By  R.  P.  Williams.  /.  Am.  Chem.  Soc,  17,  835-842.  — This  is  a  description 
of  the  patented  process  of  A.  B.  Brown  for  the  electrolytic  production  of  white 
lead.  The  process  is  certainly  novel,  and  should  attract  the  notice  of  tech- 
nical chemists.  It  consists  in  decomposing  by  an  electric  current  a  solution 
of  sodium  nitrate,  containing  about  one  pound  to  the  gallon,  in  wood  cells 
provided  with  porous  diaphragms ;  the  nitric  acid  radical  attacks  the  positive 
electrode,  which  is  of  metallic  lead,  and  the  lead  nitrate  solution  thus  formed 
is  later  precipitated  by  the  sodium  hydrate  produced  at  the  other  electrode. 
The  precipitated  lead  hydroxide  is  digested  with  bicarbonate  of  soda  solution, 
whereby  lead  carbonate  in  a  very  fine  state  of  division  is  obtained.     The  so- 


Review  of  American  Chemical  Research,  431 

dium  nitrate  is  thereby  regenerated.  The  sodium  bicarbonate  used  is  formed 
by  passing  carbonic  dioxide  into  the  caustic  soda  solution.  It  is  claimed  that 
the  process  can  be  made  a  commercial  success,  the  white  lead  being  equal  or 
superior  to  the  old  "  Dutch  process  "  product.  The  plant  required  is  small 
for  a  considerable  output,  and  there  is  no  loss  of  time,  the  reactions  taking 
place  rapidly.  There  is  great  saving  in  the  matters  of  labor  and  materials  as 
compared  with  the  Dutch  process.  The  product  of  the  electrolytic  process  is 
in  a  very  fine  state  of  division,  and  is  claimed  to  be  of  a  spongy  character, 
non-crystalline,  and  having  a  greater  covering  power  than  Dutch  process  lead. 
Tests  of  durability  show  this  lead  to  be  fully  equal  to  Dutch  lead.  A  short 
description  of  Thenard's  process  follows,  and  the  article  is  concluded  with  a 
discussion  of  the  future  of  this  electrolytic  process. 

Inspection  of  Cotton  for  Use  in  Manufacture  of  Guncotton.  By 
Charles  E.  Mlnroe.  J.  Am.  Client.  Soc.,  17,  783-789.  —  The  author  con- 
siders the  following  examinations  essential  in  inspecting  cotton  :  Optical  ex- 
amination for  color,  cleanliness,  presence  of  cops,  knots,  tangles  and  foreign 
bodies,  length  and  strength  of  fiber ;  odor ;  moisture  ;  ether  extract ;  soda-lye 
extract ;  ash  ;  rate  of  absorption  of  water.  Ether  extract  is  determined  by 
extraction  of  a  weighed  quantity  of  cotton,  with  petroleum-ether  in  a  Soxhlet 
apparatus.  Soda-lye  extract  is  obtained  by  boiling  for  eight  hours  with  caus- 
tic soda  solution  containing  17.305  grams  per  liter.  Ash  is  determined  by 
burning  the  sample  with  paraffine  in  a  platinum  crucible  and  igniting  the  resi- 
due. Rate  of  absorption  of  water  is  determined  by  throwing  the  cotton  on 
the  surface  of  distilled  water  and  noting  the  time  it  takes  to  sink  to  the  bot- 
tom. For  a  smokeless  powder  it  should  sink  in  two  minutes.  This  test 
shows  the  relative  rate  at  which  the  cottons  absorb  the  mixed  acids  during 
dipping.  Tables  of  analyses  of  several  grades  of  commercial  cotton  show 
great  variations  in  these  several  items.  Some  experiments  made  with  absorb- 
ent cotton,  to  determine  its  absorptive  capacity,  showed  that  one  sample  re- 
tained 15.5  times  its  own  weight  of  water. 

Deterioration  of  India  Rubber  and  its  Causes.  By  Frank  W. 
Birchall.  India  Rubber  World,  13,  39-40.  —  The  author  inclines  to  the 
theory  that  the  oxidation  of  caoutchin  is  one  of  the  causes  of  cracking  of  rub- 
ber goods.  This  caoutchin  is  soluble  in  chloroform,  but  precipitates  on  adding 
alcohol.  Vulcanization  does  not  diminish  its  affinity  for  oxygen.  The  com- 
pounds used  in  rubber  tend  to  fill  its  pores  and  lessen  the  opportunities  for 
oxidation  somewhat,  but  substances  introduced  in  the  compound  are  often  in- 
jurious. Examples  are  given  of  injury  to  the  rubber  due  to  antimony  sul- 
phide which  contained  sulphuric  acid,  and  in  another  case  to  a  vulcanizing 
compound  which  contained  moisture.  Excess  of  sulphur  over  the  amount  nec- 
essary to  vulcanize  is  liable  to  cause  "bloom"  on  the  finished  goods.  This 
may  be  removed  by  boiling  in  caustic  soda,  but  this  operation  may  injure  the 
goods.  Oxidizable  oils  are  objectionable  in  rubber  compounds,  as  the  oxida- 
tion may  go  too  far.  Metallic  oxides  added  for  coloring  purposes,  or  left  in 
the  cloth  after  dyeing,  may  cause  injury  to  the  rubber.  A  table  of  analyses 
of  sound  and  damaged  rubber  shows  very  large  increase  in  the  percentage  of 
oxygen  and  some  loss  of  carbon  and  sulphur.  The  author  expresses  the  hope 
that  rubber  may  be  synthetically  produced  in  the  near  future. 

Examination  of  Fats  Used  in  the  Leather  Industry.  By  W. 
Schmitz-Dimont.  Leather  Manufacturer,  5,  179.  —  This  is  a  brief  com- 
pilation of  the  methods  of  analysis  of  fats,  apparently  containing  nothing 
original. 
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The  Reduction  of  Alumina  Considered  from  a  Thermochemical 
Standpoint.  By  Joseph  W.  Richards.  /.  Franklin  Inst.,  139,  295-304. — 
The  article  consists  of  calculations  of  the  heat  effect  corresponding  to  various 
methods  of  reduction,  and  of  the  minimum  temperature  at  which  the  reactions 
become  exothermic. 

Analyses  of  Commercial  Fertilizers.  Bulletins  of  the  State  Agriarf- 
tnral  Experiment  Stations :  Conn.,  No.  120;  Ky.,  No.  56,  No.  60;  Maine,  Nos. 
18  and  ig  ;  Aid.,  No.  34  ;  Mass.  Hatch  Sta.,  Nos.  30,  31,  and  34  ;  Mass.  State 
Sta.,  No.  57  ;  N.  H.,  No.  26 ;  N.  Y.,  Cornell  Univ.  Sta.,  No.  92  ;  N  C,  Nos. 
29  and  30  ;  R.  I.,  No.  32  ;  S.  C,  No.  20  ;  Vt.,  Nos.  45,  46,  and  6,-j  ;  Ore.,  No. 
36  ;  IV.  Va.,  Special  Bull,  July  1,  i8pj ;  Jnd.,  Special  Bull,  May,  i&pj,  Per- 
due Univ.;  Ga.  Dept.  Agr.,  No.  30  ;  Ann.  Rep.  N.J.,  No.  15,;  Ann.  Rep.  N. 
Y.,  Geneva  Station,  No.  13.  —  The  foregoing  bulletins  contain  tabulated  re- 
sults of  the  analyses  of  fertilizers  made  during  1895,  the  name  of  the  brand 
and  of  the  abstracter  being  usually  stated. 

A.  H.  Gill,  Abstracter. 

Test  of  the  Amount  of.  Combustible  in  Smoke.  By  B.  P.  Flory. 
Sibley/.  Eng.,  g,  338-340.  —  The  experiments  were  made  by  heating  the  coal 
in  a  crucible  and  collecting  the  smoke.  It  is  calculated  that  under  the  worst 
circumstances  possible  about  14.7  pounds  of  soot,  giving  13.700  B.  T.  U.  per 
pound,  would  be  obtained  from  one  ton  of  coal,  showing  the  futility  of  the 
smoke-consuming  devices.  The  following  were  the  results  of  the  analyses  of 
a  sample  of  St.  Louis  coal  and  of  the  soot  obtained  from  it : 


Moisture. 

Ash. 

Hydrocarbons. 

Carbon. 

4.0 
2.5 

9.0 

61.0 

36.0 
10.5 

51.0 
26.0 

On  the  Physical  and  Chemical  Characteristics  of  Some  Califor- 
nia Oils.  By  Walter  C.  Blasdale.  J.Am.  Chem.  Soc,  17,  935-941. — The 
author  has  determined  the  specific  gravity,  index  of  refraction,  Maumene'  fig- 
ure, viscosity,  melting  point  of  fatty  acids,  iodine  absorption,  and  saponifica- 
tion number  of  eleven  samples  of  olive  oil  known  to  be  genuine,  of  ten  sam- 
ples classed  as  "commercial,"  and  of  several  miscellaneous  oils  —  those  of 
the  English  walnut,  acorn,  California  nutmeg,  pine-nut,  and  yellow  and  black 
mustard  seed.  In  addition  to  the  foregoing  tests,  the  elaidin  and  Bechi 
were  also  applied.  The  iodine  figures  were  in  many  cases  higher  than  those 
usually  accepted  as  European  standards;  the  elaidin  test  gave  a  cake  in  some 
cases  only  after  six  hours'  standing.  The  viscosity  of  the  soap  solution  de- 
rived from  a  definite  weight  of  the  oil  is  found  to  be  very  characteristic;  for 
example,  the  following  values  were  obtained  :  Cotton  seed  280,  almond  645, 
rape  seed  670,  sesame  415,  olive  645-650,  expressed  in  grams  of  sugar  per 
liter  and  measured  as  a  torsion  viscosimeter.  The  viscosity  method  suggested 
by  Professor  Rising  and  worked  out  by  Mr.  Babcock  is  as  follows:  15  grams 
of  oil  are  saponified  with  30  cc.  water,  containing  7.5  grams  KOH  and  10  cc. 
alcohol,  the  resulting  mixture  washed  into  an  evaporating  dish,  the  alcohol  ex- 
pelled, diluted  to  500  cc.  at  15°,  and  the  viscosity  of  the  solution  determined 
by  a  torsion  viscosimeter. 


Review  of  American   Chemical  Research.  433 

The  Determination  of  the  Heating  Effects  of  Coals.  By  W.  A. 
Noyes,  J.  R.  McTaggart,  and  H.  W.  Craver.  /.  Am.  Chem.  Soc.,  17,  843- 
849.  —  The  authors  state  first  the  various  methods  which  have  been  employed 
for  this  determination,  and  give  their  limits  of  accuracy.  They  then  give  the 
results  of  their  own  investigation  of  six  bituminous  Indiana  coals,  comparing 
the  data  obtained  from  Hempel's  calorimeter,  chemical  analysis,  and  Ber- 
thier's  test.  Many  of  the  figures  given  are  the  results  of  three  fairly  concord- 
ant determinations,  and  in  all  cases  of  at  least  two.  The  differences  between 
the  results  of  chemical  analysis  and  the  calorimeter  varied  from  -(-2.6  to 

—  4.6  per  cent.,  and  in  three  other  cases  by  ±1.2  per  cent.  Between  Ber- 
thier's  test — the  reduction  of  litharge  —  the  variations  were  from  -[-2.1  to 

—  2.3  per  cent.,  an  average  of  about  ±1  per  cent,  being  obtained  in  the  other 
cases.  The  authors  call  attention  to  the  fact  that  it  is  impossible  to  burn  an- 
thracite coal  in  the  Hempel  calorimeter,  owing  to  the  fact  that  it  cannot  be 
compressed  into  the  form  of  cylinders.  With  the  Thomson-Barrus  calorime- 
ter a  deposit  of  carbon  is  produced ;  they  think,  however,  that  it  would  give 
satisfactory  results  with  anthracite  coals.  The  abstracter  has  experienced  the 
same  trouble  with  both  calorimeters,  but  has  found  that  it  can  be  remedied  in 
the  Thomson-Barrus  by  very  careful  manipulation.  With  anthracite  coals, 
however,  in  the  latter  apparatus  an  ash  is  formed  over  the  surface  of  the  coal 
which  effectually  prevents  its  further  combustion. 

Naphthalene  :  The  Causes  of  its  Formation  and  Means  of  its  Pre- 
vention in  a  Free  State  in  Illuminating  Gas.  By  C.  P.  Russell.  Am. 
Gas  Light  J.,  63,  970.  —  The  chief  disadvantage  of  this  "annoying  impurity" 
lies  in  its  clogging  up  the  purifying  apparatus  in  the  works  and  the  service 

fiipes;  in  addition,  it  lowers  the  candle  power  of  the  gas.  The  coal,  particu- 
arly  if  slack,  should  not  be  wet,  and  the  charges  not  too  great.  The  sub- 
stance appears  thus  to  be  formed  by  the  imperfect  distillation  of  coal ;  for, 
when  the  products  are  thoroughly  heated,  the  quantity  formed  is  small.  The 
remedy  is  either  then  through  distillation  or  more  complete  cooling  and  scrub- 
bing of  the  gas.  The  presence  of  naphthalene  in  the  gas  liquor  can  be  shown 
by  treating  it  with  nitric  acid  and  subsequently  supersaturating  with  hydro- 
chloric acid.  Upon  dipping  into  the  solution  a  splinter  of  fir  wood  it  is  tinged 
a  rich  purple. 

G.  W.  Rolfe,  Abstracter. 

Acidity  of  Glucose  Syrup  and  Grape  Sugar.  By  H.  E.  Horton. 
J.  Am.  Chem.  Soc.,  17,  402-403. — The  author  gives  the  figures  of  about  fifty 
acidity  determinations  of  commercial  glucose  sirups  and  sugars  from  three 
different  manufacturers,  and  discusses  the  nature  and  origin  of  the  free  acid. 

Ash  in  Glucose  Syrup  and  Grape  Sugar.  By  H.  E.  Horton.  /. 
Am.  Chem.  Soc,  17,  403-405. — Ash  determinations  of  samples  from  four 
manufacturers  are  given.  The  explanation  of  the  nature  of  this  ash,  while 
Applicable  to  but  a  few  of  the  samples  discussed,  is  most  interesting. 

On  the  Estimation  of  Extraction  in  Sugar  Houses.  By  M.  Trubek. 
/.  Am.  Chem.  Soc,  17,  920-923.  —  The  author  describes  the  method  of  leery 
by  which  extraction  is  calculated  by  determining  the  per  cent,  of  fiber  in  the 
cane  and  the  weight  of  fiber  in  a  sample  of  the  wet  bagasse,  and  points  out 
that  when  the  bagasse  from  the  first  mill  is  macerated  Icery's  formula;  are  in- 
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applicable.  The  author,  however,  shows  how  the  extraction  can  be  calculated 
in  such  cases  by  a  series  of  ingenious  but  difficult  and  complicated  algebraic 
equations,  requiring  as  data,  besides  the  two  fiber  determinations,  estimations 
•of  sucrose  in  the  cane,  juice,  and  macerated  bagasse.  This  calculation  is 
based  on  the  assumption  that  the  quotient  of  purity  of  the  juice  is  unchanged 
by  maceration.  Making  as  probable  an  assumption  that  the  dilution  of  the 
juice  extracted  is  the  same  as  that  of  the  juice  in  the  bagasse,  the  reviewer 

suggests  a  much  simpler  method  based  on  an  application  of  Icery's  formulae 

determining  the  weight  of  diluted  juice  in  the  bagasse  —  the  per  cent,  of  water 
in  this  juice  by  calculation  of  the  Brix  of  the  undiluted  juice  from  the  first 

mill  (B,),  and  of  the  diluted  juice  (B„)  by  the  formula  P  =  B'  ~  B",  and 

B/y 
hence  the  weight  of  undiluted  bagasse.     However,  as  the  author  hints,  these 
indirect  methods  of  determining  juice  extraction,  while  attractive,  are  at  best 
approximate,  owing  to  the  great  difficulty  of  obtaining  a  fair  sample  for  fiber 
determinations,  especially  of  the  cane. 

Biological  Chemistry. 

E.  H.  Richards,  Abstracter. 

Alfalfa.  U.  S.  Dept.  Agric,  Div.  Agrostology;  Farmers'  Bull.  No.  31, 
1-23. —  Alfalfa  is  a  nitrogen  collector,  and  seems  to  have  great  power  of 
adaptation  to  different  soils,  as  shown  in  the  variation  in  the  amount  of  min- 
eral matter  it  takes  from  different  soils.  The  ash  of  that  grown  on  granitic 
soil  showed  potassium  carbonate  48.42  per  cent.,  and  calcium  carbonate  13.42 
per  cent.,  while  that  grown  on  clayey  soil,  with  chalk,  gave  an  ash  containing 
potassium  carbonate  20.60  per  cent.,  calcium  carbonate  49.68  per  cent.  Al- 
falfa hay  cut  when  the  plant  was  beginning  to  bud  yielded:  Water,  8. n  per 
cent;  ash,  11.62  per  cent.;  fat,  3.61  per  cent.;  albuminoid  nitrogen,  18.19 
per  cent. ;  crude  fiber,  12.88  per  cent. ;  nitrogen,  free  extract,  45.59  Per  cent- 

The  Distribution  of  the  Salts  in  Alkali  Soils.  Cal.  Agric.  Exp.  Sta., 
Bull.  Aro.  108,  14.  —  The  great  obstacle  to  the  cultivation  of  large  tracts  of 
land  in  the  Rocky  Mountain  region  is  the  presence  of  alkali  salts.  A  careful 
study  of  the  means  of  keeping  these  salts  at  such  a  depth  as  not  to  interfere 
with  the  growth  of  the  crops  has  been  made  at  Tulare,  with  the  result  that 
the  control  of  loss  of  moisture  from  the  surface  by  evaporation  is  the  simplest 
means  yet  found. 

Soil  Moisture.  U.  S.  Dept.  Agric,  Bull.  No.  3,  1-23.  —  The  average 
per  cent,  of  moisture  in  soil  in  Virginia  suited  to  the  growth  of  garden  truck 
was  for  June,  1895,  8.7,  and  for  July  8.6,  while  soil  in  Kentucky,  taken  as  a 
type  of  grass  land,  contained  for  the  same  periods  19.7  and  20.4  per  cent. 
Charts  are  also  given  for  twenty  stations  in  seven  different  States  showing 
the  amount  for  each  day  in  the  month  of  July. 

S.  C.  Prescott,  Abstracter. 

Some  Derivatives  of  Chimaphilin.  By  W.  E.  Ridenour.  Am.  J. 
Pharm..  67,  236-242.  —  The  chimaphilin  used  in  this  investigation  was  pro- 
cured by  distilling  coarsely-ground  Chimaphila  umbellata  (Prince's  Pine)  with 
water  and  collecting  the  crystals.      A  chlorine  derivative  was  obtained  by 
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passing  pure,  dry  chlorine  gas  through  a  solution  of  the  crystals  in  absolute 
ether.  The  solution  was  partially  decolorized,  and  on  evaporation  yellow 
needle-shaped  crystals,  melting  at  930  and  940  C,  remained.  They  were  sol- 
uble to  some  extent  in  a  10  per  cent,  solution  of  caustic  potash.  When  the 
solution  in  KOH  was  acidified  with  HN03  and  treated  with  AgN03  a  distinct 
precipitate  of  AgCl  was  formed.  It  appears  that  the  compound  formed  is 
a  tetra-chlor  addition-product,  C24H2104C14.  With  acetic  anhydride  there  is 
no  change  of  composition.  Nitric  acid  produces  yellow  crystals,  with  melt- 
ing point  of  154°  C,  probably  a  nitro-derivative  of  an  oxidation-product  of 
chimaphilin. 

The  Tannin  of  Cloves.  By  W.  L.  Peabody.  Am.  J.  Pharm.,  67,  300- 
306.  —  The  results  of  the  experiments  of  the  author  may  be  expressed  in  the 
following  statements:  (1)  The  amount  of  tannin  present  in  cloves  varies  from 
10  to  13  per  cent,  of  the  weight  of  the  spice  as  found  in  the  market.  (2)  The 
tannin  of  cloves  has  the  same  percentage  composition  as  gallotannic  acid,  and 
yields  the  same  products  by  treatment  with  various  reagents  as  does  that  com- 
pound ;  hence  they  are  probably  identical.  ■  • 

Anatolian  Licorice  Root.  By  J.  W.  Nickum.  Am.  J.  Pharm.,  67, 
306-311.  —  This  is  a  short  article  dealing  chiefly  with  the  pharmaceutical  na- 
ture of  the  plant.  A  proximate  analysis  only  is  given,  and  a  comparison  is 
drawn  between  this  and  some  other  varieties  of  licorice  root. 

Chinquapin.  By  Henry  Kraemer.  Am.  J.  Pharm.,  67,  453-459. — 
The  author  finds  that  the  nut  of  chinquapin  (Castanea  pumila,  Mill.)  contains 
18.17  Per  cent,  moisture,  6.95  per  cent,  fixed  oil,  36.37  per  cent,  starch  (resem- 
bling wheat  starch),  and  2.35  per  cent,  nitrogen. 

Examination  of  Elm  Bark,  Flaxseed,  and  Mustard  for  Starch. 
By  J.  M.  Lloyd.  Am.  J.  Pharm.,  67,  459-464.  —  Dried  elm  bark  was  found 
by  the  author  to  give  a  color  reaction  for  starch  when  treated  with  iodine,  es- 
pecially if  a  little  sulphuric  acid  was  present.  In  the  absence  of  the  acid  the 
color  is  not  permanent,  since  other  compounds,  probably  tannin  and  an  or- 
ganic calcium  compound,  interfere  with  the  reaction.  Elm  bark  yields  8.86 
per  cent.  ash.  Pure  flaxseed  was  found  to  contain  no  starch,  but  the  commer- 
cial ground-product  responded  to  the  test  in  every  case  examined.  Mustard 
when  pure  was  also  found  to  be  free  from  starch.  Oil  of  mustard,  even  in 
presence  of  starch,  takes  up  iodine,  thus  giving  a  negative  starch  test. 

Taxaracum  Root  and  Taxaracin.  By  L.  E.  Sayre.  Am.  J.  Pharm., 
67,  465-468.  —  It  is  found  that  the  root  of  taxaracum  contains  a  coloring  mat- 
ter very  sensitive  to  acids  and  alkalies,  and  varying  in  amount  with  the  sea- 
son, that  obtained  in  late  autumn  being  far  greater  in  quantity  than  that  of 
early  fall.  An  acrid  principle,  and  a  bitter  principle,  taxaracin,  were  also  iso- 
lated. The  latter  gave  glucosidal  reactions,  but  could  not  be  separated  out 
by  the  usual  process. 

The  Tannin  of  Cinnamomum  Cassia.  By  T.  R.  Thornton.  Am.  J. 
Pharm.,  67,  400-403.  —  The  author  has  studied  the  tannin  separated  from 
cinnamon,  and  made  comparisons  between  it  and  gallotannic  acid  and  white 
oak  tannin.  He  finds  that  it  corresponds  the  more  nearly  to  the  oak  tannin 
in  its  general  behavior  toward  reagents. 
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Chemical  Analysis  of  Some  Commercial  Varieties  of  Cacao.  By 
W.  E.  Ridenour.  Am.  J.  Pharm.,  67,  207-209.  —  The  author  has  subjected 
several  varieties  of  cacao  to  chemical  examination,  with  the  following  aver- 
age results:  Fat,  42.99  per  cent.;  theobromine,  0.97  per  cent.;  albuminoids, 
10.51  per  cent.;  glucose,  1.40  per  cent.;  saccharose,  1.29  per  cent.;  starch, 
4.27  per  cent.;  Hgnin,  5.95  per  cent.;  cellulose,  14.44  per  cent.;  extractive 
matter,  9.30  per  cent. ;  moisture,  5.18  per  cent. ;  ash,  3.70  per  cent. 

Metallurgical  Chemistry  and  Assaying. 

H.  O.  Hofmann,  Abstracter. 

Temperature  of  Lead  Slags.  By  M.  \V.  Iles.  School  Mines  Quart., 
17,  20-25.  —  This  is  an  attempt  to  measure  by  calorimetric  methods  the  tem- 
perature of  a  lead  slag  as  it  flows  from  the  blast  furnace.  •  The  results  ob- 
tained differed  considerably,  the  general  average  temperature  being  1,034°  C. 

Temperature  of  Gases  from  Lead  Furnaces.  By  M.  W.  Iles. 
School  Mines  Quart.,  17,  19-20.  —  The  temperature  of  gases  from  two  blast 
furnaces  of  the  Globe  Smelting  and  Refining  Company,  Denver,  Colorado, 
was  measured  for  about  a  month  and  found  to  average  ioi°  C.  It  increased 
about  40°  C.  when  the  sides  of  the  furnaces  became  coated  with  wall  accre- 
tions, as  was  natural. 

The  Brown-DeCamp  Fume  Collector.  By  the  Editor.  Eng. 
Mining  J.,  60,  373.  —  The  minimum  loss  of  metal  in  smelting  lead  ores  in  the 
blast  furnace  in  this  country  is  6  per  cent.  In  order  to  obtain  a  higher  ex- 
traction, filtering  of  furnace  gases  has  been  resorted  to  in  several  instances. 
The  collector  described  and  illustrated  in  the  article  was  introduced  about  a 
year  ago  at  the  Omaha  (Nebraska)  works  of  the  Grant  and  Omaha  Smelting 
and  Refining  Company,  and  has  given  satisfactory  results.  The  leading  facts 
are  given  in  the  paper. 

A  Possible  Explanation  of  Kernel-Roasting.  By  M.  A.  Knapp,  G. 
McM.  Ross,  H.  M.  Howe,  and  W.  Edwards.  Eng.  Mining  _/.,  59,  339, 
340,  364,  411.  —  Referring  to  the  theory  of  Mr.  Howe  {Tech.  Quart.,  8,  in), 
that  capillarity  and  surface  tension  are  the  cause  of  the  forming  of  a  kernel 
rich  in  copper  in  roasting  pyritic  ores,  Mr.  Knapp  calls  attention  to  the  obser- 
vations made  in  examining  microscopically  porphyritic  rocks,  where  a  semi- 
fused  mass  has  shown  the  tendency  to  absorb  solid  particles,  differing  from  it 
in  chemical  composition,  and  distribute  them  again  throughout  the  whole  with- 
out any  flowing  taking  place.  Assuming  this  tendency  to  be  also  inherent  in 
copper-bearing  pyrite  surrounded  by  a  semi-fused  mass  of  sulphide,  he  argues 
that  the  solid  center  is  attacked  by  the  viscid  shell  and  the  absorbed  material 
equally  redistributed.  Iron  on  the  outside  of  the  shell  being  continually  oxi- 
dized becomes  inert,  while  the  copper  is  redistributed  toward  the  center. 
The  result  of  this  chemical  interchange  is  a  concentration  of  copper  in  the 
center  of  a  dump  without  the  flow  of  cuprous  sulphide,  which  Plattner  as- 
sumed and  for  which  Howe  gave  a  theory.  —  Mr.  Ross  does  not  accept  Mr. 
Howe's  criticism,  that  there  is  no  ground  for  saying  that  magnetism  is  the 
cause  of  the  concentration  of  the  copper  in  the  kernel.  His  experiments  in 
magnetic  concentration  of  roasted  copper-bearing  pyrites  gave  results  pre- 
cisely opposite  to  those  of  Mr.  Howe.     In  the  most  favorable  tests  the  mag- 
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netic  part,  19  per  cent,  of  the  original  ore,  assayed  over  36  per  cent,  copper, 
while  the  average  gave  equal  weights  of  magnetic  and  non-magnetic  ore  with 
equal  assays.  Further,  at  his  works  in  Copperopolis,  California,  he  found 
that  in  the  heaps  the  best  formed  and  richest  kernels  had  shells  that  showed 
the  least  magnetic  attraction.  Again,  high-grade  kernels  heated  to  below  their 
temperature  of  ignition  often  became  true  magnets,  /'.  e.,  were  able  to  attract 
and  hold  each  other  and  particles  of  iron,  retaining  this  property  at  ordinary 
temperatures;  they  lost  their  magnetizing  force  when  heated  to  where  the  sul- 
phur began  to  be  driven  off,  but  were  still  magnetizable,  i.  e.,  attracted  by  the 
magnet.  —  Mr.  Howe,  in  correcting  his  own  criticism,  based  on  an  accidentally 
mistaken  deduction  from  results  obtained  by  himself,  thinks  Mr.  Ross'  theory 
reasonable,  if  cuprous  sulphide  is  magnetic,  not  only  magnetizable,  when  in 
the  plastic  state.  Perhaps  magnetic  attraction  and  surface  tension  may  act 
together.  —  Mr.  Edwards'  theory  is  that  the  oxidized  copper  is  drawn  toward 
the  interior  by  its  affinity  for  sulphur,  which  is  present  there  in  abundance. 
He  calls  attention  to  the  fact  that  the  rind  is  richer  in  silver  than  the  kernel, 
and  that  the  silver  is  present  often  in  the  metallic  state  in  the  form  of  globules. 

Magnetic  Oxide  of  Iron  in  Copper  Mattes.  Bv  E.  Keller.  Eng. 
Mining  J.,  60,  465.  —  The  author  calls  attention  to  two  leading  characteristics 
of  Montana  copper  mattes,  viz.,  that  the  percentage  of  sulphur  remains  a 
pretty  constant  figure  (from  22.12  to  23.88  per  cent.,  with  copper  varying  from 
29.41  to  60.22  per  cent.),  and  that  considerable  magnetic  oxide  of  iron  is  found 
in  low-grade  matte.  This  he  considers  justifies  him  in  putting  Fe203  into  the 
general  formula. —  A  considerable  number  of  matte  analyses  accompany  the 
paper,  and  the  method  of  determining  magnetic  oxide  of  iron  is  given  in  detail. 

An  Improved  Ten-Ton  Chlorination  Barrel.  By  J.  E.  Rothwell. 
Eng.  Mining  J.,  60,  370.  —  The  barrel  described  and  illustrated  in  the  paper 
has  a  capacity  of  ten  tons.  Hitherto  the  largest  vessels  used  in  barrel-chlo- 
rination  have  held  five  tons.  By  doubling  the  capacity  the  treatment  of  ore  is 
considerably  cheapened,  which  is  an  important  matter  with  the  large  masses 
of  low-grade  refractory  gold  ores. 

Fractional  Precipitation  of  Gold  from  a  Solution  Carrying  Gold 
and  Copper. with  Hydrogen  Sulphide.  Bv  J.  E.  Rothwell.  Eng.  Min- 
ing J.,  60,  323.  —  The  difficulty  hitherto  experienced  in  the  use  of  hydrogen 
sulphide  as  a  precipitant,  that  copper  falls  out  with  gold  and  forms  a  bulky 
precipitate  requiring  a  lengthy  process  for  treatment,  has  been  overcome  by 
Mr.  Rothwell,  with  the  aid  of  fractional  precipitation.  In  the  laboratory  with 
two  or  three  liters  solution  it  is  hardly  possible  to  precipitate  gold  alone 
with  hydrogen  sulphide  ;  in  the  works,  however,  with  tanks  holding  from  five 
to  seven  thousand  gallons,  all  the  gold  is  readily  precipitated,  with  only  a  very 
small  amount  of  copper.  In  chlorinating  in  barrels  an  ore  of  the  following 
composition:  SiOo,  88.35  ;  A12°a.  2-6S  i  Fe;A.  6°5  I  CaO,  0.55;  MgO,  0.25; 
<  u,  0.35 ;  As,  trace ;  Sb,  0.05 ;  S,  0.90,  after  crushing  through  a  24-mesh 
sieve  and  washing  in  a  Pearce  turret  furnace,  the  filtered  solution  of  twenty-', 
four  tons  of  ore  about  filled  a  precipitating  vat  holding  seven  thousand  gal- 
lons. The  solution  was  strongly  acid  and  had  a  rich,  yellowish  blue  color, 
and  contained  about  75  per  cent,  of  the  copper  of  the  ore,  or  about  126 
pounds  copper  and  about  72  ounces  gold.  After  removing  the  free  chlorine 
and  reducing  the  higher  chlorides  with  sulphurous  acid,  the  gold  was  precip- 
itated with  hydrogen   sulphide  generated  from   4  pounds  iron  sulphide,   15 
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pounds  concentrated  sulphuric  acid,  and  from  60  to  70  pounds  of  water. 
About  70  per  cent,  of  trie  roasted  sulphide  precipitate  was  obtained  in  the 
form  of  bullion,  which  was  from  830  to  960  fine,  showing  that  comparatively 
little  copper  had  been  precipitated.  In  testing  to  see  if  all  the  gold  had 
fallen  out,  a  sample  from  the  precipitating  vat  was  filtered  and  the  filtrate 
divided  between  two  3-ounce  beakers,  placed  on  a  sheet  of  white  paper,  and 
ferrous  sulphate  added  to  one,  when  no  trace  of  gold  could  be  discovered. 
Fractional  precipitation  has  further  the  advantage  in  that  the  filtrate  from 
the  sulphide  can  be  used  again  with  a  new  charge,  a  thing  to  be  considered 
in  regions  where  water  is  scarce.  The  paper  contains  many  practical  de- 
tails supplementing  previous  papers  by  the  author,  who  for  many  years  has 
been  a  specialist  in  this  branch  of  metallurgy. 

Contributions  to  the  Chemistry  of  the  Cyanide  Process.  By  E. 
A.  Schneider.  Eng.  Mining  J.,  60,  489,  514.  J.  C.  Wells.  Ibid.,  5,59. — 
The  paper  is  a  record  of  some  experiments  carried  out  to  see  whether  the 
oxygen  necessary  for  the  solution  of  gold  in  potassium  cyanide  oxidized  this 
to  cyanate,  and  to  find  what  effect  the  carbonic  acid  of  the  air  has  on  cyanide 
solutions.  The  results  show  that  oxygen  does  convert  cyanide  into  cyanate, 
but  not  to  such  an  extent  as  is  generally  believed,  and  that  the  action  is 
stronger  with  dilute  than  with  concentrated  solutions.  The  effect  of  the  car- 
bonic acid  of  the  air  on  cyanide  is  very  marked.  With  an  undisturbed  surface 
weak  solutions  are  acted  upon  more  slowly  than  concentrated  ones ;  with  an 
agitated  solution  the  reverse  is  the  case.  Experiments  proved  that  a  film  of 
oil  protected  cyanide  very  effectively  from  the  action  of  the  air.  A  last  set  of 
tests  showed  that  carbonic  acid  acting  on  cyanide  gives  potassium  bicarbonate 
and  hydrocyanic  acid,  and  that  the  two  products  can  exist  side  by  side  in  a 
solution;  further,  it  was  found  that  this  solution,  provided  oxygen  be  present, 
is  a  solvent  for  gold.  —  J.  C.  Wells  says  that  the  figures  obtained  in  the  labo- 
ratory by  Schneider  for  cyanide  lost  are  much  higher  than  the  loss  he  (Wells) 
experienced  in  making  large-scale  tests  on  tailings.  'It  amounted  to  only  0.44 
and  0.4  pound  per  ton  of  ore,  and  of  the  0.4  pound  0.24  pound  was  ac- 
counted for  in  the  tailings,  leaving  0.16  pound  for  the  action  of  ore,  air,  and 
carbonic  acid,  while  Schneider's  experimental  data  called  for  an  almost  com- 
plete decomposition  of  the  cyanide. 

The  Chemistry  of  the  Cyanide  Process — Is  Zinc  Potassium  Cy- 
anide a  Solvent  for  Gold?  By  J.  C.  Wells.  Eng.  Mining  J.,  60,  584. — 
The  experiments  made  give  an  affirmative  answer,  but  this  solubility  is  of 
little  or  no  importance  in  practical  work,  where  there  is  always  an  excess  of 
potassium  cyanide,  which  is  a  much  stronger  solvent.  The  experiments  show 
further  that  zinc  potassium  cyanide  is  not  decomposed  by  alkali  into  potas- 
sium cyanide  and  potassium  zincate.  (See  this  Quart.,  8,  333.)  Finally  the 
test  with  silver  nitrate  in  the  presence  of  caustic  potash  gives  the  total 
amount  of  cyanogen  in  solution,  and  not  only  the  cyanide  available  as  solvent 
for  gold. 

The  Assay  of  Platinum.  By  E.  H.  Miller.  School  Mines  Quart., 
17,  26-38.  —  The  paper  reviews  the  methods  of  Berzelius,  Gibbs,  Deville  and 
Debray,  Perry  and  Matthey,  and  gives  the  results  obtained  in  trying  to  find  a 
method  for  determining  for  commercial  purposes  the  platinum  contents  of 
ores.  The  most  satisfactory  results  obtained  with  pure  platinum  were  those 
from  a  modification  of  Perry's  method  to  scorify  the  ore  with  granulated  lead, 
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treat  the  lead  button  with  nitric  acid  (1.05  sp.  gr.),  oxidize  the  residue  by 
heating,  and  remove  the  soluble  oxide  by  treating  with  nitric  acid  (1.10  sp. 
gr.)  for  ten  minutes  at  just  below  boiling  point.  The  results  accounted  for 
99.70,99.72,  and  99.71  per  cent,  of  the  platinum.  With  alloys  the  method 
must  be  extended  to  remove  gold  and  platinum  by  warming  the  weighed  resi- 
due from  treatment  with  nitric  acid  (1.10  sp.  gr.)  with  dilute  (1  : 5)  nitrohydro- 
chloric  acid,  filtering  off  gold  and  platinum,  igniting  the  residue  and  weighing 
it,  evaporating  the  filtrate  just  to  dryness,  taking  up  with  little  hydrochloric 
acid,  precipitating  the  gold  with  oxalic  acid,  filtering,  cupelling,  and  weighing 
the  gold,  the  .difference  giving  the  platinum.  Iridium  can  be  determined  by- 
treating  the  residue  from  the  gold-platinum  filtration  with  strong  nitrohydro- 
chloric  acid,  when  iridium  will  go  into  solution,  leaving  iridosmium  as  insolu- 
ble residue. 

The  Manufacture  of  Bessemer  Ferro-Silicon  at  Ashland,  Ky. 
By  J.  C.  Mathewson.  Eng.  Mining  J.,  60,  319.  —  The  ferro-silicon  used  in 
this  country  has  always  been  imported.  This  paper  records  the  first  success- 
ful attempt  at  making  it  here.  The  highest  percentage  of  silicon  obtained 
was  13.07  per  cent.;  the  phosphorus,  which  in  the  ordinary  high-silicon  iron 
of  Ashland  lies  between  1.0  and  1.4  per  cent.,  sank  to  0.1105  per  cent.;  the 
sulphur  was  higher  than  expected,  viz.,  0.051  and  0.054  per  cent. 

The  Basic  Blow.  By  F.  E.  Thompson.  Iron  Age,  56,  1260-1262, 
1318-1320.  —  The  paper  is  a  full  discussion  of  the  chemical  and  physical 
phenomena  in  blowing  phosphoric  pig  in  a  basic  converter.  Many  valuable 
analyses,  accompanied  by  physical  and  technical  data  taken  from  the  author's 
practical  experience,  give  weight  to  the  statements  in  the  paper. 

Apparatus. 

A.  H.  Gill,  Aiistracter. 

A  Convenient  Form  of  Universal  Hand  Clamp.  By  P.  T.  Austen 
and  VV.  A.  Horton.  J.  Am.  Chem.  Soc,  17,  611-612.  —  The  device  forms  a 
convenient  holder,  capable  of  holding  a  needle,  or  a  tube  an  inch  and  a  half 
in  diameter,  allowing  a  grasp  which  corresponds  to  the  weight  of  the  object 
held,  and  not  tiring  the  hand.  It  may  be  obtained  through  Richards  & 
Company,  New  York. 

Notes  on  Convenient  Forms  of  Laboratory  Apparatus.  By  D.  A. 
Kreider.  Am.  J.  Sci.,  50,  132-134.  —  Hot  filters,  a  valve  for  a  mercury 
pump,  and  a  force  pump  are  described,  for  the  details  of  which  reference 
must  be  made  to  the  original  article. 

A  Convenient  Still  for  the  Laboratory.  By  Charles  E.  Wait.  —  J. 
Am.  Chem.  Soc.,  17,  917-919.  —  The  still  has  a  capacity  of  seven  gallons,  and 
is  arranged  to  be  run  with  gas,  furnishing  twenty-six  gallons  per  day ;  or  with 
steam  at  5  pounds,  furnishing  112  gallons  distilled  water  per  day.  It  is  con- 
nected with  a  water  oven,  which  is  so  arranged  as  to  serve  partly  as  a  con- 
denser, and  may  or  may  not  be  used,  as  desired.  It  has  also  an  automatic 
feed.     A  cut  accompanies  the  article. 
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